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1.  Incroducclon  and  sunmary. 


The  main  purpose  of  ;he  presenc  paper  is  co  sive  a  tabulaiiion  and  discussion  of 
propercies  of  a  syscen  of  single  sampling  attribute  plans  obtained  by  minimizing 
average  costs  under  the  restriction  that  a  point  on  the  OC-curve  has  been  fixed. 

Inspection,  acceptance,  and  rejection  costs  are  assumed  to  be  linear  in  p,  the 
fraction  defect!  ■  sn:!  lot  quality  is  assumed  to  be  distributed  according  to  a 
double  (or  as  a  limiting  case  a  single)  binomial  distribution  with  parameters 

''l'*’  ”2*  ^  ^1*^  ^2* 

Using  average  "inspection  and  sampling  costs"  as  economic  unit  the  standardized 
average  costs  become  R  -  n  +  (N  -  nX^^Qip^^)  -i-  /2i'(?2))  where  deuoct  sample 

and  lot  size,  respectively,  and  depend  on  the  weights  (Wj^,W2)  and  the 

decision  losses. 

Three  systems  are  studied  corresponding  to  different  restrictions: 

(a)  The  LTPD  system  with  a  fixed  consumer's  risk,  P(p2)*0.10i 

(b)  The  AQL  system  with  a  fi.ced  producer's  risk,  Q(pp*0.05. 

(c)  The  IQL  system  with  P(p^)*l/2  for  Pj<  p^<  P2. 

LTPD  and  AQL  plans  for  a  dcuble  binomial  prior  distribution  may  be  found  from  the 
corresponding  plans  for  a  single  binocaial  prior  distribution  by  a  suitable  change 
of  cost  paraiaeter. 

The  solution  of  the  minimization  problem  and  corresponding  tables  are  given  fot 
the  three  systetas. 

Furtheroore  the  asymptotic  properties  of  the  solution  are  studied. 

For  the  LTPD  and  AQL  systems  the  main  properties  of  the  sampling  plans  for  large 
N  are  the  following: 

(1)  Sample  size  increases  linearly  with  the  logarithm  of  lot  size. 

(2)  The  highest  allowable  fraction  defective  in  the  sample 

converges  to  the  fraction  defective  with  fixed  acceptance 
probability,  the  difference  being  of  order  l//n. 

(3)  The  risk  of  the  producer  or  the  consumer,  whichever  has 
not  been  fixed,  tends  to  zero  Inversely  proportional  to 
lot  size. 

(4)  The  oinioun  costa  equal  si..apling  inspection  costs  plus  a 
constant  average  decision  loss  plus  a  decision  loss 
proportional  to  (N  -  n)  due  to  the  restriction. 

(5)  The  sampling  plans  depend  only  on  the  product  of  one  cost 

parameter  (being  a  function  of  7^  end  >2)  size. 


For  IQL  plans  boCh  the  coniuner's  and  the  producer's  risk  will  tend  to  zero  for 
N-“>  00,  one  of  the  risks  as  0(N  ^  and  the  other  as  0(N  ^  6  ?  0.  For 


P2<«. 


^1^2  ' 


we  have  6-0.  The  IQL  plans  are  only  studied  in  detail  for  this  value  of  p  . 

o 

The  properties  listed  under  (1),(2),  and  (5)  above  are  also  valid  for  these  IQL 
plans.  Furthemore  we  have: 


(3a)  The  producer's  and  the  consuucr^s  risks  are  nearly  equal 

and  tend  to  zero  inversely  proportional  to  N. 

(4a)  The  tninimuin  costs  equal  sampling  inspection  costs  plus 

a  constant  average  decision  loss. 

The  IQL  plans  for  a  double  binomial  prior  distribution  may  be  found  with  good 
approximation  from  the  plans  for  u  single  binomial  prior  distribution. 

Comparing  these  plans  with  (he  corresponding  Bayesian  plans  the  IQL  plans  have 
economic  efficiency  tending  to  1  for  N-C>  «  whereas  the  efficiency  of  the  LTPD  and 
iMQL  plans  tends  to  zero. 


The  restrictions  are  mainly  introduced  to  obtain  protection  against  deterioration 
of  the  prior  distribution  and  because  one  of  the  cost  components  may  be  (partly) 
unknown.  In  such  cases  Lc  is  recomuended  to  use  the  IQL  plans  trhereas  it  is  not 
advisable  to  use  the  LTPD  and  AQL  plans  for  large  lots.  If  an  upper  limit  has  been 
specified  for  the  consumer's  or  the  producer's  risk  one  may  use  the  correspondivtg 
LTPD  or  AQL  plan  for  small  N  and  8%dtch  over  to  IQL  plans  as  soon  as  the  condition 
is  satisfied. 


The  system  of  sampling  plans  presented  here  contains  as  special  cases,  vis.  for 
w^-  0  and  1,  the  Dodge*Roctig  system  of  LTPD  plans,  see  (2],  and  the  Welbull* 
HarkbJick  system  of  IQL  plans,  see  [l3]  and  [ll].  It  also  contains  for  W2*  0  the 
asymptotic  results  of  a  previous  paper  [ij  whereas  the  tables  are  different 
because  hypergeoaetrlc  probabilities  were  used  for  the  fixed  point  on  the  0C*curve 
in  [  7 ]  as  in  the  Dodge-Ronig  cables. 


2.  The  model. 

Let  N  and  n  denote  loc  size  and  sample  siie  anti  let  X  and  x  denote  nuuber  of 
defectives  In  the  lot  and  the  saiople,  respectively.  The  acceptance  nusdwr  Is 
denoted  by  c. 


Let  the  costs  be 


for  X  S  c 


and 


nSj-b  xS2+  (II  -  o)Aj+  (X  -  lOAj 
nSj-f  xSj-l-  (H  '  o)Rj4  (X  - 


for  X  >  c. 
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The  (prior)  distribution  of  X,  i.e.  the  distribution  of  lot  quality,  is  denoted 
it  is  assumed  that  this  distribution  is  a  mixed  binomial 

^  ^  ^  ^W(p)  •  (1) 

In  parcicular  may  be  a  double  binomial,  i.e.  a  weighted  average  of  two 

binomials  with  parameters  Pj^  and  p^,  Pj^<  P2,  and  weights  w^^and  W2,  Wj^+  W2=  1. 

This  distribution  uiay  also  be  characterized  by  saying  that  p,  the  process  average, 
has  a  two-point  distribution. 


Drawing  a  sample  without  replacement  from  each  lot  (hypergeometrlc  sampling)  and 
computing  the  average  costs  we  find 


where 


K(N,n,c) 


1 


/  K(N,n,c,p)dW(p) 
0 


(2) 


K(N,n,c,p)  *  n(S^+  Sjp)  +  (N-n)((A^+  A2P)P(p)  +  (R^+ 


and  Q(p) 


P(p) 

I  -  H?) . 


B(c,n,p) 


c 


T-  /n\ 

' .  vx; 

x«»0 


X  n-x 

p  q 


(4) 


For  a  detailed  discussion  of  this  model  the  reader  is  referred  to  Raid  [8].  In 
the  following  it  is  assumed  that  the  prior  distribution  is  a  double  binomial 
distribution,  or  as  a  liraitinx  case  a  single  binomial. 

To  simplify  the  notation  we  introduce  the  three  cost  functions 


k^(p)  -  Aj+  A2P,  k^(p)  -  Rj+  R2P,  k^(p)  -  Sj+  $2?,  (5) 

and  the  averages 


(6) 


assuming  that  k^>  k^.  For  a  double  binomial  prior  distribution  k^  represents  the 

average  "costs  of  inspection"  per  item  and  k^  represents  the  average  costs  p>cr 

item  when  all  lots  from  process  (compenent)  No.  I  are  accepted  and  all  lots  from 

process  No.  2  are  rejected.  As  shown  in  f  Sl  k  is  under  certain  conditions  a  use- 

'  m 

ful  reference  point  for  average  costs  per  item.  Defining  the  standardized  form  of 
(2)  as 

R(N,n,c)  -  (K(N,n,c)  -  Nk  )/(k  -  k  ) 

m  3  m 

it  follows  that  the  value  of  (n,c)  minimizing  R  will  also  minimize  K  since  k  and 

8 

are  independent  of  (o,c).  The  standardized  average  costs  may  be  written  as 

R(N,n,c)  -  n  +  (N-n)(7jQ(pp  +  r2p(P2)) 


(7) 
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where 

h-  V  V  "2<'‘a<'>2’'  '‘t<P2’^‘‘a'  V' 

The  Interpretation  of  (7)  is  the  following:  The  reduced  average  "costs  of  inspection", 

k  -  k  ,  have  been  used  as  economic  unit  which  means  that  the  total  average  costs 
s  m 

become  equal  to  n,  the  average  costs  of  inspecting  the  n  sample  items,  plus  the 

average  decision  loss  per  item  tines  the  number  of  items  in  the  remainder  of  the 

lot.  The  term  gives  the  probability  (Wj^)  of  a  lot  of  quality  Pj^ 

being  submitted  (more  precisely  a  lot  from  a  process  with  process  average  equal 

to  pp  tiraes  the  average  probability  (Q(Pj^))  of  such  a  lot  being  rejected  times 

the  corresponding  decision  loss  ((k  (p,)-  k  (p  ))/0c  -  k  )). 

r  i  8  Q 

The  costs  of  accepting  or  rejecting  all  lots  vrlthout  inspection  are  R  ■  and 

£1  ^ 

Rr“  Ny^  respectively. 

The  Bayesian  solution  of  the  inspection  problem  consists  in  chosing  the  procedure 

which  leads  to  the  lowest  average  costs  and  therefore  it  requires  a  comparison 

of  R  ,R  ,  and  min  R(N,n,c).  This  solution  has  been  discussed  and  tabulated  in 
a  r  (n,c) 

[8J.  If  the  Bayesian  solution  is  sampling  Inspection  we  shall  call  the  sampling 
plan  minimizing  R  for  the  Bayesian  (single)  sampling  plan. 

The  conditions  alluded  to  above  are  that  y^  >  0  and  y^  >  0.  For  the  corresponding 
Bayesian  sampling  plan  we  have  n/N  ->  0,  Q(Pj^)  — >  0,  and  P(p2)  “>  0  for  N  —>  » 

which  means  that  K/N  — >  k  and  R/N  ->  0  which  is  one  of  the  reasons  for  standardiz* 

n 

ing  the  average  costs  in  the  manner  above. 

The  conditions  may  also  be  expressed  by  means  of  the  econocsic  break>even  quality 
p^  ■  (Rj-Aj)(^A2-R2)^  defined  as  the  root  of  the  equation  h^(p)  •  h^(p)/  since 
yj^>  0  and  y2>  0  if  and  only  if  pj^<  p^<  P2.  If  yj>  0  and  y2<  0,  say,  i.e.  p^>  p2>  pj> 
the  Bayesian  solution  is  acceptance  without  inspection. 

In  the  present  paper  we  shall  consider  saoplton  p1>^os  defined  by  olnlolzitut  the 
average  costs  under  a  suitably  chosen  restriction.  The  reason  for  doing  so  and 
the  choice  of  the  specific  restrictions  will  be  discussed  later. 

Furthemore  ve  shall  also  consider  cascj  where  either  k  (p)  or  k  (p)  is  identically 
equal  to  zero  so  that  or  y^  becomes  negative. 

One  form  of  restriction  is  F(p  )  ■  1/2  for  p,<  p  <  p. .  This  defines  a  relation 

o  I  o  2 

between  c  and  n  with  the  property  that  Q(p^)  0  and  F(p2)  ~>  0  for  n  ->  <»  and 

consequently  K/N  **■>  k  for  IH>  oo.  Such  sampling  plans  will  for  the  right  choice 

ni 

of  have  similar  properties  as  the  Bayesian  sampling  plans  for  y^>  0  and  y2>  0, 
see  section  8. 


Another  form  of  the  restriction  is  P(p2)  *  O.IO,  say.  This  otans  that  Q(p|)  "*>  0 

for  n  -^>  ao  and  K/H  k  +  0.1  w«(k  (po)*k_(p-))  •  k  ,  say.  The  restriction  thus 

Q  A  A  «  r  /  Q 


P 
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changes  the  unavoidable  limitin';  costs  from  k  to  k  which  will  therefore  be  used 

mm 

in  standardizing  the  cost  function. 

It  should  be  noted,  however,  that  k  and  k  are  fundamentally  different  because  k 

mm  '  m 

depends  on  the  prior  distribution  anu  the  costs  only  whereas  k  also  depends  on 

HI 

the  restriction  which  to  some  extent  may  be  considered  arbitrary. 

From  (7)  we  find 

R  =  n(l-0.1r„)  -»■  (N-n)7'jQ(pp  +  O.I72N  (9) 

leading  to  the  (further)  stan'^ardized  costs 

R^O  N 

■  V  "  (»-n)r<)iPi)  <10) 

where  7  ■  7^^/(100.172).  Values  of  (n,c)  minimizing  will  be  the  same  as  those 
minimizing  R. 

Similarly  we  shall  use  restrictions  of  the  form  Q(pp  ■  0.05  leading  to 

R^-  n  +  (N-n)7P(P2)  (11) 

where  7  -  72/(1-0.057^). 

Reatrlctloos  as  P(P2)  ■  0.10  or  Q(pp  ■  0.05  are  of  particular  Interest  in  cases 
where  k^(p)  or  k^(p),  respectively,  for  some  reason  has  been  pul  ei^ual  to  zero, 
l.e.  72  or  7^  becomes  negative. 

An  expression  of  the  type  (10)  or  (11)  may,  however,  be  obtained  from  R  by  putting 
W2*  0  or  Wj"  0.  It  thus  follows  that  a  restricted  Baves  solution  with  a  two-polnt 
prior  distribution  where  the  restriction  fixes  the  acceptance  probability  in  one 
of  the  rwo  points  may  he  reduced  to  r.  restricted  Beyes  solution  with  a  ooe-polnt 
prior  distribution  by  a  suitable  change  of  the  cost  parameter. 

From  a  omtheaiatlcal  cod  numerical  point  of  view  we  may  therefore  liadt  ourselves 
to  consider  the  problem  defined  by  minlsdsing  expressions  of  the  type  given  by  (10) 
under  the  restriction  stated. 

3,  Restricted  Raves  soluticos. 

The  Bayes  procedure  has  not  been  widely  used  in  practice  for  many  reasons  some  of 
which  have  been  listed  below: 

(a)  .  It  may  be  difficult  to  obtain  precise  lofonaatlon  00  the  prior 

distributions  and  the  costs. 

(b)  .  If  the  Bayes  procedure  does  not  lead  to  ssmpllog,  e  running  check 

on  the  essur.oilons  regarding  the  prior  distribution  is  Iscking. 
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(c) ,  The  mathematical  theory  behind  the  Bayes  solution  is  more  diffinjlt 
than  for  other  systems  of  sampli-^  plans,  and  adequate  tables  have 
been  lacking  until  recently. 

With  respect  to  point  (b)  above  it  is  pointed  out  that  there  are  two  general 
cases  in  which  the  Bayes  principle  does  not  lead  to  a  samplinR  plan,  viz.  (1) 
if  the  prior  distribution  of  p  is  a  onc-polnt  distribution  or  (2)  if  either 
k  (p)  -  0  or  k  (p)  -  0. 

O  L 

The  first  case  is  Important  because  many  investigations  have  been  carried  out 
on  the  assumption  that  the  quality  distribution  under  "normal  conditions"  is 
a  binomial  distribution.  If  average  quality  produced  is  better  than  the  break¬ 
even  quality  then  the  cheapest  solution  will  he  acceptance  without  inspection. 

To  obtain  a  sampling  plan  minimizing  costs  under  this  assumption  it  is  therefore 
necessary  to  introduce  some  sort  of  restriction. 

The  second  case  is  important  because  k  (p)  or  k  (p)  are  often  unknown  or  may  be 

A  IT 

considered  as  negligible  in  the  short  run  when  the  costs  are  looked  upon  from 
the  producer's  or  the  consumer's  side  exclusively. 

One  may  naturally  give  up  the  Bayes  solution  completely  and  use  the  miDimax 
regret  solution  which  depends  on  the  cost  parameters  only.  It  seems,  however, 
unreasonable  in  designing  an  inspection  system  for  a  series  of  lots  from  the 
same  source  not  to  use  some  plausible  prior  distribution  based  on  existing  in¬ 
spection  records  and  knowledge  of  normal  market  quality  if  only  a  sampling  plan 
is  used  in  all  cases  and  soenc  insurance  has  been  built  Into  the  system  against 
the  consequences  of  a  deterioration  of  the  prior  distribution  and  uncertainty 
in  the  determination  of  the  cost  parameters.  This  insurmcc  may  be  formulated  in 
economic  terms  or  in  technical  terms  only  and  leads  to  what  has  bean  called  ^ 
restricted  Bayes  solution  sin-c  the  principle  employed  is  to  miniaiie  the  avcraec 
costs  under  a  suitably  chosen  restriction. 

As  indicated  in  section  2  wo  shall  use  restrictions  which  are  todapandent  of  the 
in  the  prior  distribution  and  the  cost  functions.  The  restrictions  con¬ 
sidered  consist  in  fixing  a  point  on  the  OC-curve,  l.c.  specifying  a  Quality  level 
iSL  a  corresponding  acceptance  prohabili»-v.  Such  a  restriction  defines  a  relation¬ 
ship  between  n  and  c.  Restrictions  of  this  kind  have  first  bean  used  by  Dodge  and 
Romig  f2j  in  their  LTPD  system  of  sampling  plans. 

The  average  decision  loss  depends  on  expressions  of  the  type  w.,(k^(p2)'‘k^(P2))P(p2)> 
say.  If  we  arc  concerned  about  the  stability  of  W2  and  the  correctnese  of  k^(p2) 
wa  may  get  soow  Insurance  against  conrequcnces  of  devlatlona  from  the  values 
act'ially  used  by  specifying  that  P(P2)  shall  ba  email.  A  detailed  discusaion  of 
the  considerations  in  connection  with  fixing  a  point  on  the  OC-curve  will  be 
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given  in  sections  6-8. 

We  3hall  first  study  LTPD  and  AQL  sampling  plans  satisfying  the  restrictions 

PCp^)  •  0.10  and  Q(p^)  »  0.05,  respectively,  and  thereafter  IQL  sampling  plan 5 

satisfying  P(p  )  -  L/2. 
o 

4.  The  exact  solution. 

The  problem  constats  In  determining  (n,c)  so  that 

R  -  n  +  (N-n)7Q(p^),  (case  1),  (12) 

Is  mlni'-i^«;ed  under  th^  restriction  Pfp^)  “  P2,  P2  being  a  given  number  and  Pj^<  p^, 
or  correspondingly  to  mlni’  ^lze 

R  -  n  +  (N-n)7P(p2),  >  ^13) 

under  the  restriction  Q(Pj^)  •  Pj^<  P2.  Since  the  two  problems  are  of  the  same 
mathematical  structure  we  shall  discuss  only  the  first  one  In  details. 

The  problem  Is  similar  to  Dodge  and  Romig^s  problem  for  the  LTPD  plans  and  it  will 
be  solved  here  along  similar  lines  as  In  Hald  [6].  One  difference  should  be  noted 
however,  naa^ly  that  both  Q(pj)  and  P(p2)  are  binomial  probabilities,  whereas  P(p^) 

In  Dodge  and  Romig^s  model  Is  a  hyper geometric  probability. 

To  obtain  a  sampling  plan  as  solution  the  costs  of  the  plan  roust  be  smaller  than 
the  costs  of  complete  inspection,  i.e.  R  <  N,  which  lends  to  the  condition  Q(?t^)<  I/7 
( :a8e  1)  and  P(?2)<  1/7  (case  2).  It  is  therefore  necessary  to  assume  that  7  >  0 
which  is  also  natural  from  the  point  of  view  that  7  may  be  Interpreted  as  the 
costs  per  Item  of  rejection  or  acceptance,  respectively.  In  the  case  of  a  or.e- 
polnt  prior  distribution. 

ihe  condition  P(P2)  ■  B(c,n,P2)  ■  P2  defines  a  relation  between  n  and  c,  n  «  n  eay. 
Introducing  n  «  In  (17)  makes  R  a  function  of  c  alone,  R(c)  say,  for  any  given  N. 
The  condition  for  R(c)  to  be  a  local  minimum  Is  that 

A  R(c-l)  <0  <  /  «(c)  (14) 

where  A  R(c)  R(c+l)-R(c).  From  (12)  we  have 

R(c)  -  n^+  (h-n^)7(l-B<c,n^,Pj)) 

and 

^  R<c)  -  (1-7) A  n  -  N7  AB  -f  7  (n  B  ) 
c  c  c  c 

-  (l-r+7B^)  >  n^-  r(M-n^j)  B^  (15) 


where  B^  -  B(c,n^,pj). 
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Introducing  the  auxl Hairy  function 

(1-7)  n^+  7  A  (n  B  ) 

N  -  - i 

c  7  A  B 


V- '''■'cVzt  ' 


substituting^  (15)  into  (lA)^  and  "solving"  for  M  lead  to  the  fundamental  Inequality 


N  ,<  N  <  N  (17) 

c-1  c 

together  with  A  B^  j^>  0  and  A  B^  >  0  as  the  conditions  for  (n^,c)  to  be  the  optimum 
plan  for  lot  si^e  N. 

In  case  2  the  corresponding  result  is 


It  ha^:  only  been  proved  that  (17)  is  the  condition  for  R(c)  to  be  a  local  minimum. 

A  similar  analysis  may^  ho^.ever^  be  carried  out  by  means  of  the  difference  operator 
A^R(c)  «  R(cfi)-R(c).  The  condition  for  R(c)  to  be  an  absolute  minimum  is  that 
A^R(c)  >  0  for  i  ■  l,2,.,.,n-C;  and  Aj^R(c-i)  <  0  for  i  -  l,2,...,c.  It  is  easily 
seen  that  sufficient  conditions  for  these  inequalities  to  be  fulfilled  are 
that  R(c)  be  a  local  minimum,  i.e,  (17)  is  fulfilled,  and  furtheimore  that 
be  a  non-decreasing  function  of  c,  sinci  the  inequalities  M  <  **c+l^  '■*  ^  **c+l-l 

by  addition  of  all  the  numerators  and  denominators  lend  to 


(1-7)  A  n  +  7  ^  (n  B  ) 
1-  c  1  c  c 


i.e.  A  R(c)  >  0  for  i  >  0.  It  is  conjectured  ihat  N  is  a  non-decreasing  function 
IL  C 

of  c  If  is  considered  as  a  continuous  variable.  Bowever,  in  tabulating  the 
solution  only  integer  values  of  has  been  used  which  means  chat  tlw  condition 
P(P2)  •  P2^**'**  other  similar  conditions)  will  in  most  cases  not  be  exactly 
fulfilled.  For  ch>'  three  cases  tabulated  the  cumulative  binomial  has  been  computed 
to  six  decimal  places  and  n  n^  has  been  determined  as 

(1)  Che  smallest  integer  n  satisfying  B(c,n,p2)  $  0.10, 

(2)  the  integer  n  for  which  B(c,n,p^)  is  nearest  to  0.50, 

(3)  the  largest  integer  n  satisfying  B(c,n,Pj^)  a  0.95. 


If  N  is  an  increu.sing  function  of  c  it  fellows  from  (17)  that  fer  each  (c,n  ) 
c  c 

there  exists  an  "optimum  interval  ^  within  that  inter¬ 

val  the  optimum  plan  is  (c.n  ).  In  case  M  <  N  ,  Che  pLan  (c.n  )  is  not  optimum  for 

c  c  c-l  c 

any  N  and  has  to  be  excluded.  The  costs  R(c-l)  and  R(cfl)  have  then  to  be  compared. 
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Using  R(c+1)  -  R(r-l)  «  A  R<c)  +  L  R(C“1)  it  follcvs  C^at  R(c-1)>  R(c+l)  for  N$ 

%»here  ^ 

In  Chat  manner  Che  opclmtan  plans  and  Che  corresponding  N-lnccrvals  may  successive¬ 
ly  be  deCermined  scarcing  from  c  *  0.  The  procedure  Is  well  sulced  for  an  eleccronlc 
compucer.  The  Cables  will  be  discussed  In  chc  following  secclons. 

For  large  N  Che  Poisson  dlsCrlbuClon  may  be  used  as  an  approxlmaClon  Co  Che  binomial. 

The  original  problem  may  also  be  such  chat  che  Pols'* ^  •  dlsCrlbuClon  Is  Che  approprlace 

one  Co  use^vlz.  If  quallCy  Is  measured  in  number  of  aefeecs  per  unlC  Inscead  of  In 

fracCion  defecclve.  For  Chesc  reasons  Che  Poisson  soluClon  has  also  been  tabulated. 

First  m  ■  m  has  been  determined  from  Che  relation 
c 

c  _  * 

B(c,m)  -  Z  e““  ~  -  P  ,  m  =»  np  .  (20) 

x-0  2 

The  Ineqxiallty  corresponding  to  (17)  becomes 


%ihere 


and 


M  ,  <  M  <  M  ,  M  -  Np., 
c-1  c'  *^2' 


(1-7)  C  m  +  7  A  1 

M  •  ' - . —  *  in  +  (—  -  (1-B 

c  7  A  B  c+1  '7  '  c^'AB^ 

c  c 


c  -rra  (rra  ) 
B  -  E  e 
x«0 


x  i  ’  “  Pi 


(21) 


(22) 

(23) 


Since  m  np2  Is  a  function  of  c  only  whereas  In  Chc  binomial  case  m  Is  a  function 
of  both  P2  and  c,  1C  Is  possible  to  give  a  much  more  compact  tabulation  of  che 
Poisson  soluClon  chan  of  che  binomial. 

For  snail  values  of  N  the  solution  given  above  need  to  be  modified  In  certain 

cases. 

For  N  $  n  no  sampling  plan  exists  satisfying  che  restriction  required.  In  such 
o 

cases  che  solution  has  been  given  as  "all"  In  Chc  tables  to  Indicate  chat  Inspection 
of  the  whole  lot  Is  necessary  co  obtain  a  protection  as  least  as  good  as  the  one 
required. 

In  case  I  for  72  1  the  aitematlvc  to  sampling  Inspection  Is  total  Inspection  «>hlch 
costs  S.  To  obtain  R  <  N  It  Is  necessary  that  Q(pj)  <  I/7,  l.r.  B^>  1-1/7#  which 
may  not  be  fulfilled  for  amall  c  and  corresponding  values  of  N  e  (N  |#N  ).  In 
such  cases  the  cheapest  sampling  plan  available  has  nevertheless  been  given  in 
the  table  but  a  has  been  added  to  lixilcatc  chat  sampling  Is  taore  costly  chan 
total  Inspection. 
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In  case  1  for  y  <  I  the  alternative  to  sampling  Inspection  Is  rejection  at  a 
cost  of  N/.  To  obtain  R  <  N7  It  Is  necessary  that 

N  >  n^(l  +  ^),  l-<J(Pj).  (24) 

case  ^ 

The  corresponding  result  in/2  for  7  J  1  is  P(p2)  <  I/7,  i.e.  B^<  I/7,  and  for 
7  <  1  with  acceptance  as  alternative  R  <  N7  which  leads  to 

“  >  -c  +  wiVy)  >  ®c-  f<''2>  •  <“> 

c 

In  such  cases  "a"  has  been  added  aftct  the  sample  size  to  indicate  that  acceptance 
without  inspection  is  cheaper  than  sanpllng. 

It  has  furthermore  to  be  taken  Into  account  that  (c^'  )  may  be  used  as  optimum 
plan  for  N  only  if  N  ^  and  N>n^.If  N^<  N  S  optimum  plan  exists 

because  (c>n^)  is  not  optimum  for  N  >  and  (c+l,n^^j)  cannot  be  used  because 
N  5  n^^,  It  is  therefore  a  condition  for  the  existence  of  optimum  plans  that 
N^>  From  (16)  and  (18)  follows,  however,  that  this  condition  may  be  reduced 

to  the  one  following  from  R  <  N. 

5.  The  asymptotic  solution. 

The  procedure  in  arriving  to  an  asymptotic  solution  giving  c  and  n  as  explicit 
functions  of  N  will  be  first  to  get  an  asymptotic  expansion  of  c  in  terms  of 
n  as  an  expression  for  the  condition  Imposed  and  then  to  eliminate  c  from  R  and 
solve  the  equation  dR/dn  ■  0  after  having  replaced  the  binomial  probability  In  R 
by  an  asymptotic  expansion  In  terms  of  n.  A  similar  method  has  been  used  in  [bj. 

A  rather  accurate  solution  of  the  equation  B(c,n,p)  ■  P  may  be  obtained  by  using 
the  expansion  of  Fisher  and  Cornish  [S  ]  which  leads  to 

1 

c  •  np  +  Up  /nM  +  0(n  (26) 

where  Up  denotes  the  P>fractlle  of  the  standardised  normal  distribution. 

Writing  h  ■  c/n  the  condition  P(P2)  "  ^2  therefore  be  expressed  as 

h  •  pj-*-  a/pjqj/n  +  b/n  +  0(n  ^)  (27) 

where 

a  •  Up  and  b  -  (q2*P2)^^^*’^)  "2  • 

1  ^ 

“7 

Since  h  ■  p2't’  0(n  )  we  may  use  the  following  lemma  which  is  a  special  case  of 
a  theorem  proved  by  Blackwell  and  Hodges  [l  j: 
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For  Pj^<  and  n  “*>  «  we  have 


1  -  B(c,n^p.)  » 


q,p  -n(p(h,p  )  -- 

~  e  Ml  +  0(n  ^)) 


where 


1 

I 


h'  Pi 


(p(h,p)  =  h  in  j+  (l-h)ln  •— 


(29) 


(30) 


(For  h  ■  p^+  0(n  )  a  similar  expression  is  valid  for  B(c,n,p2)) 
Setting 
and 


,  -n(p(h,p  ) 
l(n)  =  -  e 


I 


P2-  Pi 


we  find  from  (19  and  (29) 


1 


R  •  n  +  (N-n)f(n)(l  +  0(n  )) 


(31) 


(32) 


(33) 


Expanding  (p(hjP.)  in  a  Taylor  series  around  p.  and  inserting  h*p-  from  (27)  we  get 

i  ^3 

P2‘*l  1  2  ”2 

<p(h,Pi)  -  (p(P2,p,)  +  (h-p,)  In  — ~  +  r;—  (h«p,)  +  0(n  ) 


P2‘*l  1  J  P2‘*l  "2 

'Pl>  (y+b  ln^)  +  0(n  (36) 

It  follows  that^f(n)  tends  exponentially  to  zero  for  n  ->  «>  since  (?(P2/Pi)  >  0. 
From  03)  we  find 

^  -  1  +  (N-n)f^(n)  -  f(n). 


•pCpo 


Solving  the  equation  dR/cn  ■  0  for  N-n  we  get 

N-n  ■ 


rb) 


since  £'/f  -!>  -(p(P27Pi)  and  f  0. 

Writing  ^ 

In(N-n)  -  -  In  f(n)  -  ln(-f' (n)/f(n))  +  0(n  ^  (35) 

w«  finally  have  ^ 

ln(M>n)  -  a^n  02!^  +  j  In  n  +  0(n  ^)  (36) 

where  -  (S^pjiPj),  Oj  “  *>^^2  (p2VPl‘*2^^ 

2 

Oj  -  a  /2  +  b  In  (Pjq^/Piqj)  -  In  X  -  In  (p(P2>Pi). 
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The  same  formula  applies  to  case  2  if  only  Pj^  and  p^  are  Interchanged  ,  ^^2*^1 
(32)  should  be  read  as  |p2-pj|),  and  In  (28)  Is  replaced  by  P^-  l-Q^. 

This  result  Is  a  generalization  of  the  one  obtained  In  [b]  partly  because  It  Is 
based  on  the  binomial  Instead  of  the  Poisson  distribution  and  partly  because  the 
model  here  contains  a  cost  parameter  7  ifhlch  Is  equal  to  1  In  the  case  previously 
considered. 

Solving  (26)  vlth  respect  to  np  gives  ^ 

np  -  c  +  1  -  UpV(o+l)q  +  (up-  l)(l+p)/3  -  Upp/2  +  0(c  ^) .  (37) 

Formulas  (36)  and  (37)  give  good  approzlmatlons  to  the  exact  solution  for  Np2>  15, 
Pl/P2^  0.5,  and  P^,-  0.10  or  0.50,  and  in  case  2  for  Npp  15,  1*5,  and 

0.05  or  0.50. 

The  formulas  should  be  used  as  followst  For  c  ■  0.5,  1.5,  2.5,...  n  Is  computed 
from  (37)  and  N  from  (36)  to  obtain  Intervals  for  N  corresponding  to  every  integer 
value  of  c,  cf.  (17).  For  each  Integer  value  of  c  the  appropriate  sample  size  Is 
determined  from  (37) . 

A  formula  giving  the  sample  size  directly  as  function  of  lot  size  may  be  obtained 
by  inversion  of  (36)  which  according  to  the  result  given  In  [6]  leads  to 

n  •  In  X  +  Pj(ln  x)/<x  +  (38) 

3/2  2 

where  x  -  In  N,  p^»  l/a^,  p^-  -Pj/2,  P^-  (In  0^+  V“l’  2a3)/2o^, 

and  p^-  pj(2  -  2a^p^+  0^/20^). 

For  a  given  N  we  nay  compute  n  by  (38)  and  the  corresponding  c  by  (26),  round  c  to 
the  nearest  Integer  and  find  n  from  (37). 

Numerical  investigations  have  shown  that  (38)  leads  to  rather  accurate  results  far 
0.10,  p2  i  0.10,  p|/p2S  0.5,  and  Np2>  15,  whereas  it  should  not  be  used  for 
P2"  0.50  or  in  case  2  for  0.05. 

From  (35)  It  follows  that  ^ 

*2 

ln(M-n)f(n)  -  -In  v(P2^Pi)  +  0(n  ) 

.i 

(H-n)7  (J(p,).  <l  +  0<n  h)  (39) 

and  consequently  ^ 

min  R  •  n  -f  v  >  +  0(n  ^)  (^) 

(n,c)  'P<P2''>1> 


where  n  Is  given  by  (38)  . 
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We  have  thus  found  the  following  aavpptotlc  properties  of  the  solution; 

(1)  Sample  size  increases  linearly  with  the  logarithm  of  lot  size, 
see  (38). 

(2)  The  highest  allowable  fraction  defective  in  the  sample  converges 
to  Che  fraction  defective  with  fixed  acceptance  probability, 

the  difference  being  of  order  l//n,  see  (26) . 

(3)  The  risk  of  the  producer  or  the  consumer,  whichever  has  not 
been  fixed,  tends  to  zero  Inversely  proportional  to  lot  size, 
see  (39) . 

(4)  The  minimum  (standardized)  costs  equal  sampling  Inspection 
costa  plus  a  constant  depending  on  (PpP2)  only,  see  (^lO) . 

Analogous  results  have  previously  been  given  by  Hald  [  6]  for  the  case  with 
7  ■  1  and  Poisson  probabilities. 


The  last  mentioned  property  means  that  asymptotically  decision  losses  %rlll  be 
negligible  as  compared  to  sampling  Inspection  costs. 


This  is  true,  however,  only  for  cost  functions  of  lor  a  n  +  (N-n)7Q(Pj) . 

If  we  have  a  cost  function  as  (7)  then  R  -  (1-0. l72)k^d>  0.172^  which  asymptotical¬ 
ly  equals 


mn  R 
(n,c) 


(1  -  0.l72)(n  + 


1 

^(Pj^Pi) 


)  d-  O.I72N 


where  the  first  term  Is  0(ln  N) .  For  large  N  the  term  O.I72N  resulting  from  the 

restriction  P(p2)  *0.1  becoises  dominating  In  contrast  to  the  result  for  the 

(unrestricted)  Bayesian  sampling  plan  where  min  R  ■  0(ln  N),8cc  [8  ] .  For  72>  0 

the  ecooosdc  efficiency  of  a  restricted  Bayesian  sampling  plan  of  the  type  above 

as  compared  to  a  Bayesian  plan  will  thus  tend  to  zero  for  N  *’>  <».  For  72<  0  the 

Bayerlau  solution  Is  acceptance  without  inspection  at  a  cost  of  R  •  N7. . 

a  z 

The  asymptotic  formulas  also  reveal  that  the  cost  parasKter  7  influences  the 
Solution  In  an  extremely  simple  manner.  From  (36)  it  will  be  seen  that  7  only 
enters  through  so  chat  ln(V7>  ■  F(n)  where  F(n)  is  Independent  of  7.  It  follows 
that  asymptotically  the  sampling  plan  only  depends  on  the  product  of  lot  size 
and  cost  constant  so  that  for  example  the  plan  for  lot  size  N  and  cost  constant 
7  equals  the  plan  for  lot  size  N7  .nn)  cost  constant  1. 

Since  this  propetfy  holds  for  large  7- Intervals  also  for  small  values  of  N  It  is 
only  required  to  tabulate  sampling  plans  for  rather  few  values  of  7. 

Consequently  It  should  be  noted  that  the  Dodge-Rosdg  LTFD  tables  may  be  used  to 
find  saaq>llng  plans  by  entering  the  tables  with  N**  Ny  for  7  <  3  say. 
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Another  way  of  expressing  the  dependence  of  y  is  given  by 

n(N,7)  >-n(N,l)  +  - r 

’  '  «P(P2.Pi) 


(41) 


which  follows  from  (38) . 

Formula  (39)  shows  another  Interesting  result,  viz.  that  the  asymptotic  value  of 
Q(p^)  Is  Inversely  proportional  to  y,  which  Is  the  reason  that  min  R  only 
depends  on  y  through  n,  see  (40) . 


6.  LTPD  sampling  tospectlon  plans  %rlth  minimum  costs. 

LTFD  plans  are  here  defined  as  sampling  plans  with  a  given  Lot  Tolerance  Per  Cent 
Defective.  lOOp^,  and  a  corresponding  probability  of  acceptance,  the  consumer's 
risk  P(P2)>  which  traditionally  Is  chosen  as  10  per  cent. 

In  the  discussion  of  sampling  plans  It  has  been  found  convenient  for  obvious 
terminological  and  pedagogical  reasons  to  Introduce  a  fictitious  consuner  and 
producer  and  concentrate  attention  on  the  corresponding  two  points  on  the  OC  curve, 
P(pp  and  P(P2),  pj<  pj#  defining  the  producer's  risk  as  Q(pj^)  and  the  consumer's 
risk  as  P(P2) •  Ic  Is  useful  to  extend  these  notions  also  to  the  cost  functions. 

Consider  a  producer  Inspecting  his  own  product  before  delivery  and  suppose  tlfsc 
he  has  essentially  two  goals:  (1)  To  make  reasonably  sure  chat  lots  of  bid  quality 
are  not  narkated.  (2)  To  keep  his  inspection  costs  and  decision  losses  down. 

We  shall  in  turn  discuss  these  aspects  of  the  problem  under  two  different  assunp- 
tions  regarding  the  prior  distribution,  viz,  for  a  ooc»potnt  and  a  t*»0"Point 
distribution  of  p. 

Suppose  that  the  producer  knows  his  process  average  p^  for  ''normal  production"  and 
that  he  occasionally  produces  lots  of  bad  quality.  The  quality  level  for  bad  lots 
may  be  fluctuating  rather  much  so  that  the  producer  is  not  willing  neither  to 
state  an  average  quality  level  for  these  lots  nor  the  frequency  with  which  such 
lots  will  occur.  However,  the  producer  may  be  willing  to  select  a  tolerance  value 
of  the  fraction  defective,  p^  ear,  and  a  risk.  P(pj),  of  acceptiniL  lots  of  this 
Quality.  The  choice  of  p^  is  difficult  and  rather  subjective.  It  is  based  on  con' 
sidcratlons  of  customary  starket  quality,  the  producer's  own  quality  performance, 
his  prestige,  consequences  of  loss  of  good»will,  consequences  for  the  coosuomr  of 
getting  bad  quality,  the  use  of  the  product,  etc.  The  consumer'f  rlsk,P(p2),  Is 
oustosMrlly  chosen  as  0.10.  This  Is  perfectly  arultrary  and  the  value  of  P(p2)  has 
therefore  to  be  kept  in  mind  Inebooeing  p^  even  if  ideally  should  be  determined 
exclusively  from  technical  and  econasdesi  conjilderations . _ 
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Turning  now  to  the  co8»^s  the  first  question  to  be  answered  is  the  following:  What 
are  the  producer's  average  costs  for  lots  of  normal  quality  ?  The  answer  is  given 
by  the  value  of  the  cost  function  K(N,n,c,p^),  see  (3).  In  many  cases,  however, 
it  seems  reasonable  to  disregard  the  term  (Aj+  A2PpP(Pj)  from  the  producer's 
point  of  view  because  lots  of  quality  p^^  are  supposed  to  be  satisfactory  as  general 
market  quality  or  by  mutual  (tacit)  agreement  between  the  parties.  Delivery  of  lots 
of  quality  p^  will  therefore  not  lead  to  (essential)  complaints  from  the  consumer, 
i.e.  the  consumer  has  to  bear  the  costs  due  to  accepted  defective  items.  If  this 
j-8  so  one  may  merely  put  A2*  0  in  the  following  formulas. 

Since  the  producer  cannot  specify  the  quality  level  and  the  frequency  of  bad  lots 
it  is  impossible  to  include  th.>i  corresponding  costs  in  the  discussion.  A  low 
frequency  of  bad  lots  the  restriction  P(P2)  ■  0.10  should,  however,  if  P2  has 
been  chosen  sufficiently  small, make  sure  that  very  few  bad  lots  will  be  accepted 
so  that  no  serious  economic  damage  will  result. 


Under  these  circumstances  it  seems  therefore  reasonable  to  determine  the  sampling 
plan  by  minimizing  the  producer's  costs  for  lots  of  normal  quality.  K(N,n,c,pj^), 
under  the  restriction  of  a  fixed  consumer's  risk.  P(P2)  ■  0.10.  From  the  point  of 
view  of  statistical  theory  this  is  a  restricted  Bayes  solution  with  a  one~point 
prior  distribution  of  p. 

Introducing  the  standardized  costs 


we  find 


with 


R  »  (K(N,n,c,p^)  -  Nk^(p^))/(k^(p^)-  k^(P^)) 
a  »  n  +  (N-n)7jQ(p^) 

<''2'  Vl  ’ 


(«2) 


see  (7)  for  W2"  0.  ITils  shows  that  the  solution  is  the  one  discussed  in  sections  A 
and  5  with  cost  parameter  equal  to  7^  (for  w^«  1). 

The  solution  only  requires  knowledge  of  chc  two  quality  levels  and  the  cost  constants. 
It  rests  <Mi  the  nasumption  that  the  quality  distrlburion  of  the  larger  part  of  the 
lots  le  a  binamiel  distribution.  A  weakness  is  the  uncertainty  in  the  determination 
of  Pj  end  PfPj) .  For  precticel  reasons  it  is  customary  to  use  P(P2)  •  O.IO  in  con¬ 
structing  tables  of  the  solution.  The  parameter  left  free  in  practice  is  therefore 
p^  only  (p^  is  assumed  to  be  rather  accurately  known  by  the  producer)  and  since 
sample  size  is  a  decreasing  function  of  P2  for  given  p^,  the  proiuccr  may  in  case 
of  doubt  choose  a  small  value  of  P2  which  will  lead  to  a  sharper  discrimination 
between  good  and  bad  lots. 
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This  system  of  sampling  plans  is  a  generalization  of  the  Dodge-Roolg  LTPD  system 
which  may  be  obtained  for  1,  Dodge  and  Romig  assume  that  rejection  means 
complete  inspection  of  the  remainders  of  rejected  lots  and  furthermore  that  the 
costa  of  complete  inspection  per  item  are  the  same  as  the  costs  of  sampling  in¬ 
spection,  l.e.  k^(p)  ■  kg(p).  The  cost  parataeter  allows  us  to  interprete 
"rejection"  in  a  much  wider  sense  than  Dodge  and  Romig  and  also  to  take  costs 
of  acceptance  into  account  if  necessary,  see  the  definition  of  y^  in  (42) .  It 
should  be  noted  that  the  consumer's  risk  in  the  tables  given  here  has  been  computed 
as  a  binomial  probability  whereas  in  the  previous  paper  [?]  the  hypergeometrlc 
distribution  has  been  used  as  in  Dodge  and  Romig^s  tables. 

Suppose  now  that  submitted  lots  are  distributed  according  to  a  double  binomial 
distribution  with  parameters  parameters  are  known  and  the 

distribution  is  stable  and  if  p^^  <  p^<  p^  the  Bayes  solution  may  be  determined  as 
in  [a].  If,  however,  the  stability  of  the  prior  distribution  is  doubtful  and/or 
information  on  costs  is  incomplete  the  producer  may  prefer  a  restricted  Bayes 
solution. 

Firstly  the  producer  may  find  it  necessary  to  protect  himself  against  some  of  the 
consequences  of  undesirable  (and  unknown)  changes  of  the  prior  distribution  and 
for  that  reason  he  may  Impose  the  condition  ■  0.10  on  the  plana. 

Secondly  the  costs  of  acceptance  may  be  partly  unknown,  e.g.  because  loss  of  good¬ 
will  is  involved.  In  the  short  run  the  producer  may  regard  costs  of  acceptance 
ns  practically  negligible,  l.e.  k  (p)  »  0,lf  the  consumer  does  not  return  an 

3 

occasional  bad  lot  but  (possibly)  only  bad  items  found.  If  bad  lots  are  returned 
by  the  consumer  we  have  k^(p)  •  k^(p)  plus  costs  of  delivering  and  returning  the 
I*'  the  lonR  run,  however,  bad  lots  delivered  will  result  In  loss  of  good¬ 
will  which  may  be  difficult  to  evaluate  and  Include  explicitly  into  the  cost 
function. 

The  producer  may  therefore  be  forced  to  modify  the  model.  Instead  of  minimi tine 

complete  cost  function  without  any  restrictions  he  may  choose  to  pinlnisc  the 

incomplete  cost  function  obtained  by  putting  k^(p)  -  0  under  the  restriction 

P(p2)  *0.10  hoping  that  the;  resulting  small  frequency  of  bad  lots  accepted  will 

reduce  his  (unknown)  costs  of  acceptance  sufficiently.  As  indicated  above  there  may 

be  cases  where  it  is  «iiore  reasonable  to  put  k  (p.)  •  0  and  k  (p  )  -  k  (p  )  . 

si  a  2  r  ^2  ' 

One  of  the  effects  of  fixing  P(p2)  may  be  judged  by  noting  chat  on  the  average 
the  ratio  of  nutter  of  bad  lots  accepted  to  total  nunber  of  lots  accepted  will 
be  W2P(p2)/(WjP(pj)  +  W2P(p2)).  For  P(p2)  -  O.IO  and  P(pp  a  I  this  ratio  will 
bo  1/191  for  w^-  0.05  and  1/91  for  w^-  0.10. 

The  sanpling  plan  is  determined  by  minimi sing  the  avcraac  costs.  K(M,n,c),  under 
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the  restriction  of  a  fixed  consuner^s  risk,  P(P2)  •  O.IO.  It  follows  fron  (10) 
that  the  solution  has  been  given  In  sections  4  and  5  for  the  following  value  of 
the  cost  parasieter 


w> 


Wi<k^(Pl)  -  k^(Pi))  +  ‘  ^  ‘ 


(43) 


where  7^^  and  7^  are  defined  by  (8) . 

For  Wj*  0  we  have  7  “  7^  which  neans  that  frou  a  mathematical  point  of  view  the 
approach  leading  to  (42)  may  be  regarded  as  a  limiting  case  of  the  one  above. 

As  will  be  explained  later  In  this  section  the  same  tables  may  therefore  be 
used  to  obtain  the  optimum  sampling  plan  In  both  cases. 

It  should  be  noted,  however,  that  the  Interpretation  of  p^  Is  different.  In  the 
first  case  p^  Is  a  tolerance  fraction  defective  determined  fron  technical  and 
econocilcal  considerations  whereas  In  the  second  case  p^  Is  a  parameter  In  the 
prior  distribution,  viz.  the  average  fraction  defective  for  lots  of  unsatis¬ 
factory  quality. 

For  0  the  sign  of  determines  whether  7  Is  smaller  or  greater  than  7^.  If 

k  (p)  ■  0  then  7-<  0  and  7  <  7, . 
a  /  1 

In  case  w^  Is  known  only  approxlraately  but  limits  for  nay  be  guessed  at  then 
max  7  can  be  found  and  used  to  get  an  upper  limit  for  the  appropriate  simple  size. 
Similarly,  If  p^  Is  known  only  approximately  max  7  can  be  found  by  chosli\g  p^  is 
small  as  reasonable. 


It  is  lmport.int  to  notice  that  norr.ully  the  second  tem  of  the  denonin.-'tor  of  (43) 

Is  negligible  as  coapared  to  the  first  so  that  7^  nay  bo  used  is  a  good  approxim- 

tioo  to  the  cost  parineter  which  again  means  that  In  important  pr.ictlcil  cases 

(k  (p)  -  0,  k  (p)  .  R,,  and  k  (p)  ■  S.)  7  will  ipprcxiiattely  be  equal  to  fhe  ratio 
A  IT  1  8  X 

becwaen  the  costs  of  rejection  per  item  and  the  costs  of  sampling  inspection  per 

itam.  This  may  be  seen  In  the  following  way.  For  k  (p)  «  0  we  find 

a 

7  ■  i#jk^(Pj)/(k^-0.9w2k^(P2))  .  If  furthertaore  k^(p)  ■  and  k^(p)  -  we  h?.vc 


7 


(1  -  0.9~)  ' 


(A4) 


For  we  find  7  ^  Wj/(w^-f  O.IW2).  This  shows  that  the  sampling  plan  Is  rather 

Insensitive  to  clwinges  of  unless  Is  large. 

The  above  discussion  of  the  LTPD  system  has  been  carried  out  from  a  producer's 
point  of  view.  For  positive  values  of  (7|,72)  similar  considerations  may  be  made 
by  a  consumer. 
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As  mentioned  In  section  4  tables  may  be  constructed  With  c  as  argument  and  (n^N) 

ns  functions  of  c.  Such  tables  have,  however,  only  been  given  for  the  solution 

based  on  Poisson  probabilities  because  in  that  case  it  suffices  to  tabulate  m  «  np^ 

and  M  *  Np^  as  functions  of  c  for  a  given  value  of  r  ■  (20) -(23),  which 

makes  it  possible  to  set  up  a  compact  and  rather  complete  table.  The  two  functions 

have  been  tabulated  for  14  values  of  r  (0.05,  0. 10, . . . ,0.70)  and  for  c  i  99  with 

the  modification  that  tabulation  has  been  stopped  when  M  exceeds  50,000.  Because 

only  nn  abridged  version  is  published  thi.  last  figure  for  M  given  in  a  column  may 

be  less  than  50,000  even  if  c  <  99  wtiich  means  that  M  exceeds  50,000  for  the  next 

entry.  M  has  been  determined  to  three  significant  figur(ii.  The  optimum  plan  is  (c,m) 

for  n  ,<  M  <  M  .  For  7*5  some  of  the  smaller  values  of  M  have  been  underlined 
c-1  c 

to  indicate  that  total  Inspection  for  these  values  of  M  is  cheaper  than  sampling 

inspect  ion, and  that  the  plan  tabulated  is  the  cheapest  sampling  plan  available,  l.e. 

M  ■  m  . , . 
c  c+1 

For  practical  reasons,  i.e.  to  save  space  and  to  inake  the  tables  easier  to  use  in 

practice,  the  tables  based  on  binomial  probabilities  give  (n,c)  as  functions  oi  N. 

The  exact  solution,  derived  as  described  in  section  4,  has  been  given  for 

lOOpj*  0.5,1,2,3,4,5,7,10,15,20,  for  five  values  of  r  *  among  the 

values  r  ■  0. 1,0.2, . . . ,0. 7,  and  for  7*1  and  5,  giving  a  total  of  10  x  5  x  2  -100 

tables.  The  same  20  values  of  N  between  30  and  200,000  have  been  used  in  all  the 

tables.  Plans  have  been  cooputeci  only  for  c  5  99.  The  tables  also  contain  P(Pj) 

which  nwikcs  It  easy  to  compute  n  +  (N-n)><)(pp,  R  ■  ( l-O.  0.172^,  md 

the  average  costs  K  "  (k  -  k  )R  -t-  Nk  . 

s  a  ra 

For  7  >  1  it  rri;.ay  happen  that  total  ins^^ction  is  cheaper  chan  sampling  inspection 

for  small  lots.  The  chi.apesc  sampling  plan  available  (c  as  large  as  possible)  has 

nevertheless  been  tabulated,  and  the  letter  t  (for  total  inspection)  has  been 

added  after  the  sample  sire.  Such  samples  will  be  large  as  compared  to  the  lot 

slr^  since  n  <K  <n 

e  c+l 


Since  log  N  Is  nearly  a  linear  function  of  c. at  least  for  large  lots,  richer 
accurate  results  may  be  obtained  by  corresponding  interpolation.  For  applications 
in  practice  it  is,  however,  hardly  worth  wtUle  using  logarithms,  linear  i.nter- 
polation  In  N  %rill  normally  suffice. 


To  find  a  sampling  plan  for  a  lot  sire  used  as  argument  in  the  table  the  first 
step  should  thus  be  to  determine  c  by  linear  interpolation  with  respect  to  W  and 
round  the  result  to  the  nearest  integer.  It  should  then  he  noted  that  n  is  j 
function  of  c  and  P2  only,  l.e.  n  is  independent  of  p^,  so  that  n  may  in  many 
cases  be  found  corresponding  to  the  given  c  in  another  colusan  of  the  same  LTPD 
table.  If  that  is  not  so  th.e  nearest  neighbouring  values  to  the  given  c  sway  be 


found  and  n  may  be  determined  bs'  linear  interpolation  with  respect  tu  c.  Another 
possibility  is  to  use  the  formula  given  in  section  9. 

As  an  example  consider  the  problem  of  determining  the  sampling  plan  for  N  ™  1600, 
LTPD  ■  5%,  pj»  2.5%,  and  7*1.  Linear  interpolation  gives  -  *  12  and  looking  for 
n  corresponding  to  c  ”  12  In  another  column  of  the  same  LTPD  table  it  will  be 
seen  that  n  *  553,  Changing  N  to  16,000  linear  interpolation  gives  c  =  27.  The 
nearest  values  of  c  in  the  table  are  25  and  28  with  the  corresponding  n-values 
of  651  and  718.  Linear  interpolation  gives  n  ■  696,  Sonsetlmes  n  may  be  found 
directly  in  the  corresponding  LTPD  table  for  7*5. 

Numerical  investigations  have  shown  that  the  proposed  method  of  interpolation  will 
ordinarily  give  the  correct  value  of  c  but  may  result  in  an  error  of  one  unit.  As 
pointed  out  previously  it  is  essential  to  use  the  right  method  to  determine  n 
when  c  hae  been  found  to  secure  that  P(P2)  “  0.10.  If  the  rules  stated  are  follcved 
the  plans  determined  by  Interpolation  will  be  optimum  or  very  nearly  so  since  the 
minimum  of  the  cost  function  is  rather  broad. 

It  Is  customary  in  practice  to  set  up  rather  large  intervals  for  N  and  use  the 
same  sampling  plan  for  all  N  within  an  interval.  The  present  tabler  may  easily 
be  used  for  constructing  such  intervals  in  two  ways: 

(1)  The  tabular  values  of  N  may  be  considered  as  "midpoints"  of 
the  following  intervals: 


N 

Interval 

100 

85  -  150 

200 

150  -  250 

300 

250  -  AOO 

500 

AOO  -  600 

700 

600  -  850 

(2)  The  tabular  values  of  N  may  be  considered  as  upper  endpoints 

of  such  intervals  which  means  that  too  large  sample  sizes  will 
be  used  in  all  cases. 

Whatever  procedure  is  applied  for  constructing  such  Intervals  the  result  will  be 
that  the  sampling  plan  used  for  a  certain  Interval  will  only  be  optimum  for  that 
part  of  the  Interval  which  is  given  by  where  c  is  the  acceptance  number 

used.  For  all  other  parts  of  the  interval  the  costs  will  be  larger  than  necessary. 

In  a  previous  paper  [?]  similar  tables  have  been  given  based  on  a  hypergeometric 
consumer's  risk  and  a  binomial  producer's  risk  as  in  the  Dodge-Romlg  tables,  and 
the  relations  between  the  solutions  in  the  three  cases  (Poisson,  Binomial,  Kyper- 
geometric)  have  been  discussed.  A  comparison  of  the  present  tables  and 


Lhs  previous  ones  shows  that  in  most  cases  a  hypergeometric  and  a  binomial  con- 
suEser^s  risk  of  10  per  cent  will  lead  to  the  same  value  of  c  or  values  of  c 
differing  only  by  1,  Only  for  P2>  0,05  and  r  >  0.5  do  the  tables  contain  values 
of  c  differing  by  2  and  occasionally  3  and  4  units.  One  may  therefore  conclude 
the  values  of  c  found  In  the  present  tables  may  also  be  used  for  the  case 
%flth  a  hypergeoEietric  consumer's  risk.  The  corresponding  sample  siac.  sav. 
may  be  determined  fr<mi  the  binocaal  n  with  good  approximation  from  the  formula 

n  (1  -  (np^-  c)/2Np2)).  (A5) 

As  an  example  consider  the  problem  of  determining  the  optimum  sampling  plan  with 
a  10  per  cent  hypergeometric  consumer's  risk  for  N  ■  200,  LTPD  «  5%,  1%,  and 

7  »  1.  The  present  tables  show  that  the  "blnotaial  solution"  is  n  *  77  and  c  »  1. 
Frijm  (45)  we  find  n^*  77  x  0.857  *  56  which  actually  is  the  correct  result. 

In  [  s']  has  been  given  a  discussion  of  how  to  use  the  Poisson  solution  bo  obtain 
an  approximation  to  both  the  binomial  and  ti  e  hypergeometrir  solution.  One  of  the 
advantages  of  the  present  Poisson  tables  is  that  they  contain  the  solution  for 
14  values  of  r  whereas  the  other  tables  only  have  5  values  of  r.  The  Poisson 
tables  arc  therefore  useful  when  sampling  plans  are  needed  for  values  of  p^  or 
not  contained  in  the  other  tables. 

The  plans  have  beer,  tabulated  for  two  values  of  7  only,  7  ■  ,  and  7*5.  Plans 
for  other  values  of  7  may  be  obtained  from  these  tables  by  using  the  result  of 
section  5  that  the  optimum  sampling  plan  asymptotically  C::ily  depends  on  the 
product  of  lot  size  and  cout  parameter.  This  leads  to  the  following  two  rules: 

(1)  For  7  S  3  and  a  given  N  compute  N  •  N7  and  uiic  the  plan 

* 

corresponding  to  N  in  the  table  for  7  »  1. 

(2)  For  3  <  7  <  10  and  a  given  N  compute  N  ■  N7/5  and  use  the 
plan  corresponding  to  N  in  the  table  for  7*5. 

Ntnoerlcal  investigation?  have  shown  that  the  two  rules  give  remarkably  goo ' 
approximations  to  the  optltman  sampling  planrr  also  tor  small  valuee  of  M  which 
means  that  practically  all  cases  for  7  <  10  have  been  covered  by  means  of  the 
two  given  tables.  The  table  for  7  *■  1  tends  to  give  too  low  an  acceptance  number 
when  used  for  7  <  1  and  too  large  an  acceptance  number  when  used  for  7  >  1  and 
analogous  resui.t8  hold  for  7  ■  5.  In  most  rases,  however,  the  correct  acceptance 
number  vi.l  be  found  or  the  error  will  be  at  most  one  unit.  It  should  also  he 
noted  that  the  error  tends  to  Increase  with  r. 

It  follows  that  the  largest  deviations  from  the  exact  values  of  c  for  7  <  S 
may  be  expected  to  occur  for  values  of  7  around  3.  To  demonstrate  how  the 
formulas  work  in  the  worst  case  an  example  has  been  given  In  Table  I  wh^re  the 
acceptance  numbers  for  7  «  3  have  been  derived  from  both  tables.  It  will  be 


»eec  that  the  values  of  c  found  deviate  at  most  1  from  the  correct  values  apart 
froa  one  case  vhere  the  deviation  is  2. 


Table  I. 


LTPD  plans  v/ith  minimum  costs  for  lOOp^*  5  and  lOOpj^*  2. 

Values  of  c  for  7*3  computed  from  7  ■  1  and  7*5  compared  to  the  exact  values  of  c. 


N  Exact  c  N*=  3N  c  N*-  0.6N 


30 

All 

90 

0 

18 

All 

50 

0 

150 

0 

30 

All 

70 

0 

210 

1 

42 

0 

100 

1 

300 

2 

60 

0 

200 

4 

600 

4 

120 

2 

300 

5 

9C0 

6 

180 

4 

500 

7 

1500 

8 

300 

7 

700 

9 

2100 

10 

420 

8 

1000 

11 

3000 

12 

600 

10 

2000 

14 

6000 

14 

1200 

13 

3000 

16 

9000 

16 

1800 

15 

5000 

18 

15000 

17 

3000 

17 

7000 

19 

21000 

19 

4200 

18 

10000 

20 

30000 

20 

6000 

20 

20000 

23 

60000 

23 

12000 

23 

30000 

2^1 

90000 

25 

18000 

24 

50000 

26 

150000 

26 

30000 

26 

70000 

28 

210000 

28 

42000 

28 

100000 

29 

m 

m 

60000 

29 

200000 

32 

• 

• 

120000 

32 

Denoting  the  upper  limit  for  M  ■  Np2  by  M(c,7)  we  have  the  following  approximate 
relations  for  the  Poisson  tables:  For  7  S  3  use  M(c,7)  -  M(c,l)/7  and  for  3  <  7  <  10 
use  M(c,7)  •  M(c, 5)5/7,  compare  M*-  M7  and  M*-  M7/5  with  the  limits  given  in 
the  two  tables. 

Suppose  that  a  producer  inspects  lots  of  1,OOC  items  each  and  that  he 
has  daclded  on  a  LT^”)  of  5%.  His  average  quality  under  normal  conditions  is  supposed 
to  ba  IX  defectives.  It  is  furtV.ermoro  assumed  that  k  (p)  *  0  from  the  producer's 

ft 

point  of  view, that  rejection  means  sorting,  and  that  costs  of  sorting  are  the  same 

as  costs  of  sampling  inspection  per  item.  According  to  (42)  these  assumptions  lead 

to  7  •  1  end  the  corresponding  optimum  plan  may  therefore  be  found  directly  in  the 

table  as  n  “  132  and  c  «  3.  If,  however,  sorting  costs  are  only  half  of  sampling 

inspection  coats  per  item,  i.e.  7  »  G.,>,  then  the  same  table  should  be  used  with 
# 

N  ■  0,5N  »  500  which  gives  the  optimum  plan  n  *  105  and  c  «  2. 
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If  rejection  means  rework  of  the  whole  lot  and  the  costs  of  rework  per  item  equals 

the  double  of  sampling  inspection  costs,  l.e.  7  ”  2,  then  Che  table  should  be 

entered  with  N  =  2N  »  2,000  which  gives  the  plan  n  ■  158  and  c  “  4.  Had  7  been 

* 

4  instead  of  2  then  the  table  for  7*5  should  be  entered  with  N  ■  4N/5  ■  800 
which  leads  to  n  *  184  and  c  =  5. 

Suppose  now  that  a  prior  distribution  of  p  gives  probability  w^*  0.85  to  p  ■  0.01 
and  probability  w^*  0.15  to  p  »  0.05,  that  the  assumptions  about  the  costs  are 
as  above,  and  Chat  the  producer  wants  to  minimize  average  costs  under  the  restriction 
P(0.05)  =  0.10.  From  (44)  we  then  find  7  »  1/1.0176  ■  0.98  as  compared  to  7  «  1 
above.  Therefore  we  find  the  sane  sampling  plan.  For  the  other  three  cases  we 
find  in  the  same  manner  7  »  0.46,  2.33,  and  7.39,  respectively.  The  only  important 
change  is  from  4  to  7.39  which  may  lead  to  change  the  sampling  plan  (184,5)  to 
(209,6). 

Example  2.  In  [8]  an  example  with  N  ■  500,  w^“  0.93,  Pj^*  0.009,  w^*  0.07,  p^*  0.080, 
7j^«  0.567,  and  0.16&  has  been  discussed  in  details  and  it  has  been  shown  Chat 
the  Bayesian  single  sampling  plan  is  n  30  and  c  «  1.  This  plan,  however,  gives 
a  consumer's  risk  of  29.67,  which  in  certain  cases  may  be  considered  unsatisfactory, 
and  we  shall  therefore  find  the  restricted  Bayes  solution  with  a  consumer's  risk 
of  107.. 

As  p^  and  p^  are  rather  small  and  are  not  to  be  found  in  the  tables  irith  binomial 
probabilities  we  shall  first  derive  the  solution  by  means  of  the  Poisson  Cables. 

Since  7  ■  0.567/(1  -  0.0168)  ■  0.577  and  M  “  500  x  0.080  ■  40  we  find  My  ■  23.1. 

From  the  table  for  7*1  and  r  =  0.11  we  read  c  •  1  and  n  »  3.889/0.080  ■  48.6 

which  gives  the  binomial  n^^*  47  using  the  formula  n^*  n  -  (np2-  c)/2,  see  f  bl . 

From  a  table  of  the  binomial  distribution  we  find  P(p2)  *  0.10104  for  n  ■  47  and 

P(P2)  “  0.09455  for  n  *  48.  Using  n  *  48  and  c  «  1  (so  that  P(P2)  i  0.10)  we  find 

Q(pp  *  0.06961  and  finally  R  ■  48  +  25.0  ■  73.0.  For  the  Bayes  solution  the 
corresponding  results  are  Q(pp  *  0.0298  and  P(p2)  *  0.2958  giving  R  ■  30  -f  31.3*61.3. 
The  price  to  be  paid  for  the  restriction  required  may  thus  be  expressed  by  means 
of  Che  increase  in  costs  from  61.3  to  73.0. 

7.  AQL  sampling  inspection  plans  with  minimum  costs. 

AQL  plans  are  here  defined  as  sampling  plans  with  a  given  Acceptable  Quality  Level. 
lOOpj,  and  a  corresponding  probability  of  acceptance.  P(Pj),  which  traditionally 
is  chosen  as  95  per  cent. 

An  analysis  similar  to  the  one  in  the  previous  section  may  be  carried  out  from 
Che  point  of  view  of  a  eonsuner  inspecting  submitted  lots.  Suppose  that  Che  constaoer 
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has  the  following  two  main  objectives:  (1)  To  make  reasonably  sure  that  lots  of 
satisfactory  quality  are  accepted.  (2)  To  keep  his  inspection  costs  and  decision 
losses  down. 

One  may  now  proceed  formally  as  in  section  6,  i.e.  select  an  upper  limits  p^,  for 
the  acceptable  process  average  and  a  corresponding  risk  for  the  producer,  QCpp^O.OS 
Bay,  and  then  minimize  the  consumer's  average  costs  for  lots  of  unsatisfactory 
quality,  K(M,n,c,P2},  under  this  restriction.  This  procedure  is,  however,  not 
satisfactory  since  it  corresponds  to  a  restricted  Bayes  solution  with  a  one-point 
distribution  giving  probability  1  to  p  «  p2,  i.e.  the  consiimer^s  costs  are  mini¬ 
mized  under  the  assumption  that  all  submitted  lots  are  unsatisfactory,  and  this 
%rill  naturally  give  too  large  samples. 

We  shall  therefore  analyse  the  problem  under  the  assumption  that  the  prior  distri¬ 
bution  of  p  is  a  two-point  distribution  with  parameters  (P2^>P2>V2^* 

If  the  parameters  are  known  and  the  distribution  is  stable  and  if  p^<  p^<  P2  the 
Bayes  solution  may  be  determined  as  described  in  [s].  If,  however,  the  stability 
of  the  prior  distribution  is  doubtful  and/or  information  on  costs  is  incomplete 
the  consumer  may  prefer  a  restricted  Bayes  solution. 

Firstly  the  consumer  may  find  it  necessary  to  protect  himself  against  some  of  the 
consequences  of  a  deterioration  of  the  prior  distribution  and  for  that  reason  he 
may  Impose  Che  condition  Q(pp  ■  0.05  on  the  plans.  This  should  also  Itdece  the 
producer  to  keep  Che  main  component  of  the  prior  distribution  at  the  level  p^  or 

lower. 

Secondly  the  costs  of  rejection  may  be  (partly)  unknown  to  the  consumer  because 
even  If  they  may  seem  small  in  the  short  run  rejection  of  good  lots  may  in  the 
long  run  involve  higher  prices,  difficulties  in  getting  contracts,  delayed 
deliveries,  etc. 

The  consumer  may  therefore  be  forced  to  modify  the  model.  Instead  of  minimizing 
the  complete  cost  function  %rithout  any  restrictions  he  may  choose  to  minimize 
the  incomplete  cost  function  obtained  bv  putting  k^(p)  •  0  under  the  restriction 
Q(pp  "  0.05  hoping  that  the  resulting  low  frequency  of  good  lots  rejected  will 
reduce  bis  costs  of  rejection  sufficiently. 

One  of  the  effects  of  fixing  Q(Pj)  may  bo  judged  by  noting  that  on  the  average 
the  ratio  of  number  of  good  lots  rejected  to  total  number  of  lots  rejected  will 
be  WjQ(pj)/(w^Q(Pj)  +  W2Q(p2)).  For  W2-  0.10,Q(pp  ■  0.05,  and  Q(p2)a  1,  say, 
this  ratio  will  be  about  1/3. 


The  sampling  plan  is  determined  by  minimi«ing  the  average  costs.  K(N,n,c),  under 
the  restriction  of  a  fixed  producer's  risk.  Q<pp  -  0.05.  This  is  equivalent  to 
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minimizing  n  +  (N-n)7P(p2)  with 

*  *'r^P2'''  ’'2 

‘  0-95k^<Pi)  '  0.05k^(pp)  “  I  -  O.OSy^ 

which  problem  has  been  solved  in  section  4. 

Let  ue  consider  the  case  where  k  (p)  -  0.  If  further  k  (p)  -  S,  and  k  (?)  •  A,p  we 

IP  8  1  4  4 

may  introduce  the  break-even  quality  p^«  l.e.  the  ratio  between  sampling 

inspection  costs  per  item  of  the  sample  and  the  costs  resulting  from  accepting  a 
defective  item.  From  (46)  we  then  have 

which  is  an  increasing  function  of  w^  taking  on  the  maximum  value  p^/p  for  w«“  1. 

In  general,  if  w^  and  p^  are  known  only  approximate ly,w^  may  be  chosen  as  small 
as  reasonable  and  p^  as  large  an  reasonable  to  find  an  upper  limit  for  y  and  a 
correspondingly  large  sample  s'^ze, 

The  tables  based  on  Pol  ] son  probabilities  give  m  ■  npj^  and  M  ■  Np^  as  functions  of 
c  so  that  the  optimum  plan  is  (c,®)  for  fl  ,<  M  <  M,.  The  two  functions  have  been 
tabulated  for  r  -  p^/p^  -  1.50,  1.60,  1.80,  2.00,  2.25,  2.50,  2.75,  3.0,  3.5,  4.0, 

5.0,  6.5,  10.0,  for  y  •  0.2  and  1.0,  and  for  c  S  99  with  the  modification  that 
tabulation  has  beet,  stopped  when  M  exceeds  50,000.  Because  only  an  abridged  version 
is  published  the  last  figure  for  H  given  in  a  coluem  may  be  less  than  50,000  even  if 
c  <  99  %thich  means  that  M  exceeds  50,000  for  the  next  entry. 

The  tables  based  on  binomial  probabilities  give  (n,c)  as  functions  of  K  for  20  values 

of  N  bet%recn  30  and  200,000.  Plans  have  been  computed  only  for  c  4  99.  As  values  of 

the  parameters  have  been  used  lOOp^-  0.1,  0.2,  0.5,  1,  2,  3,  4,  5,  7,  10,  five 

values  of  r  •  among  the  values  1.5,  1.7,  2.0,  2.5,  3.0,  4.0,  5.0,  6.0, 

10.0  (irith  small  modifications),  end  y  •  0.2  and  1.0,  giving  a  total  of  10  x  5  x  2*100 

tables.  The  tables  also  contain  P(p2)  which  makes  it  easy  to  compute 

R  •  (I  -  0.057, )R  +  O.O5N7,,  and  the  average  costs  K  ■  (k  -  k  )R  <4  Nk  . 

i  o  i  s  m  m 

For  7  <  1  it  may  happen  that  acceptance  without  inspection  is  cheaper  than  sampling 
inspection  for  small  lots.  In  such  cases  the  cheapest  sampling  plan  available  (c  ns 
small  as  possible)  has  nevertheless  been  tabulated  and  the  letter  a  (for  acceptance) 
has  been  added  after  the  sample  size. 

The  same  methods  of  interpolation  as  described  for  the  LTFD  plans  should  be  used 
here. 


For  y  ^  0.6  plans  may  be  found  from  N  *•  N7/O.2  and  the  tables  for  y  ■  0.2,  whereas 

* 

for  0.6  <  y  <  2.0  the  tables  for  7  «  1.0  should  be  used  with  N  =  N7. 

**Interval-tables"  for  N  may  be  constructed  as  indicated  for  the  LTPD  tables. 

Applications  of  the  AQL  system  of  sampling  plans  with  fully  specified  prior 
distribution  and  cost  parameters  do  not  cause  any  difficulties,  see  Examples  3 
and  4. 

A  comparison  of  the  present  system  with  other  AQL  systems  is  rather  difficult  since 
the  other  systems  only  partly  are  based  on  explicity  formulated  mathematical 
assumptions.  The  systems  chosen  for  comparison  are  the  SRG  system  [l2],  the  SMS 
(Swedish  Military  Standard)  system  [lo],  and  the  system  recently  proposed  by  Dodge 
[4].  The  Military  Standard  105  has  not  been  included  because  the  acceptance 
probability  at  the  AQL  value  is  not  constant  but  an  Increasing  function  of  lot 
site. 

To  carry  out  such  a  comparison  it  is  obviously  necessary  to  simplify  the  present 
system  in  particular  %»ith  respect  to  the  cost  parameters  because  the  other  systems 
do  not  have  explicitly  formulated  assumptions  regarding  costs.  Using  the  assumptions 
leading  to  (47),  and  assuming  furthermore (arbitrarily )for  the  break-even  quality 
that  p^«  values  of  w^ 

7  m  '»2P2/(Pj-  Pj)  ■  w^r/fVr-l),  r  «  p^/pj. 

i'he  tunction  r/^Tt-l)  attains  its  miaioum  which  is  equal  to  4  lor  r  •  4  and  does  not 
exceed  5  for  2  t  r  S  13  which  is  the  domain  of  interest  in  practice.  Under  the 
assuBq>tions  stated  we  may  therefore  use  Aw^  as  a  rough  approximation  to  7. 

Table  2  contains  comparisons  of  acceptance  numbers  for  5  AQL  values  ond  7  lot  sires 

(Saaq>le  sise  is  the  sasw  fiMtetion  of  acceptance  nuBd>cr  for  the  four  systems) .  For 

the  three  other  systems  the  recoanended  normal  Inspection  level  has  been  used.  The 

present  system  has  been  denoted  RB  (Restricted  Bayes)  and  the  parameters  have  been 

chosen  as  r  •  4  and  w-«  0.1  giving  7  -  0.4.  The  acceptance  numbers  have  been  found 

^  * 

by  entering  the  Foisson  table  for  7  •  0.2  with  M  •  2Mpj. 


Table  2. 

Comparison  of  acceptance  numbers. 
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It  will  be  seen  that  the  SMS  and  the  present  system  give  nearly  the  same  results 
whereas  the  SRG  and  Dodge's  systems  have  smaller  acceptance  numbers  for  small  AQL's 
and  larger  for  large  AQL's.(The  same  Is  true  for  the  SMS  but  to  a  much  smaller 
degree).  One  way  of  obtaining  similar  results  as  the  SRG  and  Dodge  within  the 
present  framework  is  to  make  r  a  function  of  Pj^.  From  a  practical  point  of  view 
it  seems  a  reasonable  explanation  that  the  SRG  and  Dodge  have  implied  that  the 
ratio  between  the  typical  bad  and  good  quality  level  decreases  with  increasing 
values  of  the  quality  level  Itself.  Looking  for  the  values  of  r  which  will  give 
the  acceptance  numbers  in  Table  2  we  find  apprc*imately  the  following  results: 


lOOpj 

SRG 

r 
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r  IOOF2 
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The  same  idea  has  actually  been  built  into  the  tables  based  on  binomial  probabilities 
since  the  solution  has  been  tabulated  for  values  of  r  between  2  and  10  for  lOOp^^*  0.1 
decreasing  to  values  of  r  between  1.5  and  3  for  lOOp^-  10.0. 

It  thus  seems  that  the  other  systems  have  a  simple  interpretation  within  the  present 
model.  The  arbitrary  relationship  between  lot  size  and  sample  size  in  these  systems 
may  be  converted  to  an  (arbitrary)  relationship  between  p^  and  p^  which,  however,  is 
easier  to  ir  terpret  and  understand.  It  %rill  normally  be  much  easier  to  reach  a  moti¬ 
vated  decision  with  respect  to  the  choice  of  chan  with  respect  to  "inspection  level". 

<\nothcr  way  of  influencing  the  amount  of  inspection  is  by  varying  7,  i.e.  v^,  which 
has  the  simple  effect  of  changing  the  "effective  lot  size".  If  W2  is  changed  from 
0.10  i.0  O.OS  the  same  Cable  should  be  entered  %d.th  a  lot  size  half  ths  original  .one. 

The  other  systems  may  possibly  be  obtained  from  the  present  one  In  various  other 
«»y8,  but  the  above  tnodel  seems  to  give  one  of  the  simplest  and  siost  useful  inter¬ 
pretations  convalkiing  only  two  (P2  and  W2)  adjustable  parameters.  (The  otl^r  systems 
possess  a  number  of  simple  properties  valuable  frem  .in  administrative  point  of  view 
which,  however,  have  not  been  included  in  the  discussion  above) . 

Example  3.  Suppose  that  a  consumer  inspects  lots  cf  3,000  items  each  coming  from  n 
process  with  probability  0.35  lot  p  ■  O.Ol  and  probability  0.15  for  p  •>  0.03. 

It  is  furchenaorc  assumed  that  k^(p)  ■  0  from  the  consuier  point  of  view,  that 
sampling  inspection  costs  are  0.15  units  per  item,  and  that  the  costs  of  accepting 
a  defective  are  10.0  units,  which  gives  a  break-even  quality  ot  0.015.  According 
to  (Ct7)  these  assumptions  le.ad  to  7  •  0.650.  The  sampling  plan  may  therefore  be  found 
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In  the  table  for  r  -  1  with  N**  3000  x  0.650  -  1950  which  gives  n  -  399  and  c  *  7. 

The  sane  result  nay  be  obtained  from  the  table  for  y  -  0.2  with  N*®  3000  x  0.650/0.2  » 
9750. 

SatfgPU  4.  Using  the  data  from  Example  1,  but  changing  the  condition  from 
?(P2)  •  0.10  to  Q(pj)  -  0.05,  we  find  y  -  0.168/(1-0.05  x  0.567)~  0.173.  From 
M  -  500  X  0.009  -  4.5  we  find  M*-  4.5  x  0.173/0.2  -  3.89  which  saouid  be  cotuvarcJ 
to  in  the  Poisson  table  for  y  -  0.2  and  r  -  0.080/0.009  -  8.9.  The  result  Is 

c  ■  1  and  n  ■  0.3555/0.009  ■  39.5.  A  table  of  the  binomial  distribution  shows  that 

Q(Pj)  -  0.04818  for  n  -  39  .ud  Q(pp  -  0.05042  for  n  -  40  so  that  n  -  39  must  be 

preferred  If  the  condition  Q(pj)  H  0.05  has  to  be  respected.  As  PCp^)  •  0,16995  we 

find  39  *(-25. 8  -  64. 8  which  exceeds  the  Bayesian  costs  by  3.5.  | 

f 

•i 

I 

ffi  1%  inspection  plans  <rith  minimun  costs. 

IQL  plans  are  here  defined  as  sampling  plans  tilth  a  given  Indifference  Quality  Uvel. 

and  a  corresponding  probability  of  acceptance  P(p  )  -  1/2 .  j 

j 

The  IQL  plans  are  particularly  %iell  suited  for  use  in  cases  where  the  producer  and 
the  ccNisuaar  are  parts  of  the  same  firm.  The  reasons  for  using  the  restriction 

•  similar  nature  as  those  discussed  in  the  two  previous  sections. 

It  la  clear  chat  all  the  results  regarding  LTPD  plans  with  a  one-point  distribution 
of  p  may  be  used  analogously  for  IQL  plans  based  on  mlnimlaatlon  of  R^-  n  -I-  (N-n)7Q(pp. 
Such  plana  are  generalisations  of  the  plans  discussvsd  by  Welbull  [l3]  and  tabulated 
by  HarkbKck  [ll]  in  the  sasw  sense  as  the  LTPD  plans  are  general# tations  of  the  Dodge- 
Roaif  plans. 

For  a  two-point  prior  distribution,  however,  new  problesis  arise  since  it  is  not 
poaalble  to  reduce  R  -  n  •(•  (K-n)(7jQ(pj)  -►  ■■ 

becauae  the  reatriccioo  F(p^)  •  ^■/2,  Pj<  p^<  p^,  cannot  be  used  to  "eliminate"  Q(P|) 

from  R.  The  restriction  leads  to  the  desirable  result  that  both  the  producer's 
taJ  Rht  ritkt  tend  to  aero  with  Increasina  sample  sise. 

The  reatrlction 

P(P^)  -  B(c,o,p^)  -  1/2  (48)  j 

daflaea  a  relation  n  •  n^  between  n  ana  c.  Proceeding  as  in  section  4  we  find  that  Che  j 

plan  (c,n  )  la  opclmiai  for  ,<  11  <  »  where 

c  C-l  c  f 

■c"  Vr  <^-yiQ<Pi>-  72^(P2»^  o^/iyiAQtpjUy^A  Pfpj)),  | 

Q(pj)  •  l-R(c,n^,Pj),  and  PCp^)  -  B(c,n^,P2).  Optimum  plans  may  therefore  be  tabulated  | 
by  a  similar  procedure  as  described  in  section  4  the  only  essential  difference  being 
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that  the  plans  here  depend  on  five  parameters  instead  of  three 

iPl,  ?2* 

I 

The  asymptotic  properties  of  the  system  may  be  found  as  In  section  5.  The  condition 
(48)  corresponds  to 

I  c  *  "Pq*  ^2  -  p^)  +  0(l/n),  (49) 

i 

see  (26),  or 

^  •  h  -  Po+  I  +  0(l/n^),  (50) 

where  b  »  -(2  -  p  )/3. 

o 


Setting 


X  -n<p(h,p  ) 

£<n,Pi) 


’'t"! 

|P«"  Pi  I 


ve  find  by  means  of  formulas  analogous  to  (29)  and  (34) 

H  •  n  +  (N-n)(f(n,pp+f(n,P2))(J^ 
and  p  .  .1. 

<P(h>Pi)  ■  +  n  qfp^  +  0(n  ^  ). 

For  n  *■>  00  one  of  the  exponential  terms  will  be  infinitely  small  as  compared  to  the 

other  depending  on  which  of  the  two  coefficients  (p(p  ,p.)  and  f(p  ,p.)  is  the  larger. 

The  solution  will  therefore  have  the  same  asymptotic  properties  as  those  previously 

studied  with  the  exception  that  Instead  of  having  one  risk  fixed  and  the  other 

inversely  proportional  to  N,  both  risks  will  here  tend  to  scrp,  one  inversely 

^'*o^^2)/9\P  »Pi) 

proportional  to  N  and  the  other  inversely  proportional  to  N  ^  ^  ssy> 

ii  <P(Po£P2)  >  9(P^;Pj). 

This  lack  of  symmetry  will  normally  be  considered  unreasonable,  and  unless  there 
exist  strong  reasons  to  the  contrary  p^  should  be  chosen  so  that  i;p(p^  p^)  <■  9(p^^p2) 
which  gives 


“  ’jy/v  vi 


For  this  value  of  p  ve  find 

®  ,  i 

R  -  n  (H-n)  ^  e  (I  ♦  0<n  )) 


where  (p^-  oCP^^Pj)  •  ^pCP^^^Pj) 

-bo! 


1  ■'”'1 
+ 
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Th«  Halting  value  of  p  Increases  slowly  Ircta  l.CO  to  1.06  for  r  Increasing  froet 
1  to  20.  For  aost  pur|>otea  it  will  be  sufficiently  accurate  to  use  p  ■  1. 

By  swans  of  (69)  and  (57)  «w  may  find  good  approximations  to  the  XQL  plans. 

There  exists,  however,  another  possibility  of  approximating  these  plana  by  loaklng 
use  cf  the  property  (60) .  Writing 

R  -  n  (H-n)Q(p^)(7j+ 

and  noting  that  (60)  does  not  depend  on  the  minimisation  but  only  on  the  restriction 

P(p  )  ■  1/2  we  have  for  large  N  that 
o 

1  -  n  ♦  (M-n)(7j>  p72)Q(Pj).  (63) 

It  seeaw  therefore  reasonable  to  use  the  XQL  plan  defined  by  the  parameters  (p^,p|,7), 
7  •  7^4>  072»  l.e.  a  plan  baaed  on  a  ooe*polut  distribution  of  p,  as  approKlmstion  to 
the  IQL  plan  defined  by  (p^.pj^r^* 72) • 

The  above  result  may  also  be  derived  formally  from  the  asymptotic  expressions  for  R. 
Consider  the  problem  of  minimising  R^*  n  -f  (ll*n)7Q(pj)  for  an  arbitrary  7  under  the 
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restriction  PCp^)  *  1/2.  Proceeding  as  in  section  5  ve  find 

K  >  I 

•  y  -b«  -n<p  ■  ~ 

R^-  n  +  e  ~  e  °  (1  +  0(n  \  (6^) 

which  is  analogous  to  (33).  Comparing  (64)  and  (55)  it  %nll  be  seen  that  the  two 
expressions  ai.e  identical  for 

\^7  -b(p| 

and  solving  for  y  we  find  7  •  7j^+  0^2 • 

It  should  furthenoore  be  noticed  that  the  IQL  plans  and  the  Bayesian  plans  defined 
l>y  It 2^  asymptotic  properties,  see  [8j.  For  the  Bayesian 

plans  %re  have  that  c  ■  np^+  a^+  o(l)  which  means  that  asymptotically  P(Pq)  •  1/2. 

The  asymptotic  form  of  R  which  has  to  be  minimized  with  respect  to  n  to  find  the 
Bayesian  plan  is  identical  to  (55)  with  substituted  for  b.  The  essential  d.fference 

between  the  Bayesian  sampling  plan  and  the  corresponding  IQL  plan  lies  therefore  in 
the  different  constant  terms  of  the  linear  relations  between  c  and  n.  A  good  approxi* 
mat  ion  to  the  Bayesian  plan  nay  therefore  be  found  be  looking  up  the  value  of  c  in 
the  table  of  the  corresponding  IQL  plan  and  computing  n  frooj  c  by  moans  o  the  correct 
(Tayesian)  relation,  see  the  examples  later  in  this  section. 

It  follows  cha..  the  IQL  plans  have  economic  efficiency  1  for  N  — >  »  as  compared  to 
the  Bayesian  plans. 

The  IQL  plans  have  thus  very  dcsirabK  propertiesi 

(1)  The  restriction  P(p^)  ^  1/2  corresponds  practically  to  a  linear 
relation  between  n  and  c. 

(2)  The  relation  between  n  and  N  is  approximately  equal  to 

ln(H*n)  •  n  4-  ~ln  n  -  ln(\  <p  )  . 

o  2  00 

(3)  The  producer's  and  consumer’s  risks  are  nearly  equal  and  tend 
to  zero  Inversely  proporClor»sl  to  N. 

(4)  Asyuptocically  the  minlmun  costs  are  n  1-c*  decision 

losses  tend  to  zero  as  cotitpared  to  sampling  inspection  costs. 

(5)  Tlic  plans  for  a  double  binomial  prior  dlatrlbotion  oey  be  fotmd 
approximately  from  the  plans  fot  a  aincle  binomial  distribution 
which  reduces  the  necessary  tables  greatly. 

(6)  The  IQL  plana  have  asymptotic  efficiency  equc^l  to  1  as  compared 
CO  Che  Bayesian  plana. 

(7)  The  IQL  plans  may  be  used  to  find  good  approximations  to  the 
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The  tables  of  IQL  plans  are  based  on  a  one-point  prior  distribution  and  correspond 
to  the  previously  discussed  tables  of  LTPD  plans.  The  rules  given  in  section  6  tor 
interpolation,  construction  of  "interval-tables'",  and  change  of  ost  paracieter  any 
therefore  be  applied. 

The  tables  based  on  Poisson  probabilities  give  M(c,7)  for  7  «  1  and  c  g  99  for 
r  «  Pj/P^  *  0.10,  0.15,  0,80. 

The  tables  based  on  binomial  probabilities  show  the  optimtmi  plans  for  100p^«  0.5, 
1,2,3,4,5,7,10,15;  for  five  values  of  r  chosen  among  the  values  0. 2,0,3, .. .,0.8, 
and  for  7=1,  giving  a  total  of  45  tables. 

Tables  are  given  for  7*1  only  since  these  .aay  be  used  to  find  plans  for  ail  7  <  10 
by  intering  the  tables  with  K  *  N7. 

On  the  basis  of  the  asymptotic  theory  above  it  has  been  postulated  that  the  tabulated 
IQL  plans  which  are  based  on  a  one-point  prior  distribution  may  be  used  to  find  the 
IQL  plans  for  a  two-point  prior  distribution  with  good  approximation  also  for  small 
values  of  N.  This  has  been  confirmed  by  numerical  investigations,  and  a  few  typical 
examples  based  on  Poisson  probabilities  are  shown  below  for  k  (p)  »  k  (p),  p  *  0.01, 
and  Wj,*  0.05. 

Table  3. 

Comparisons  of  acceptance  numbers  for  equivalent  IQL  plans  based  on  one-  and  two-poinfc 

prior  distributions. 


N 

Pj=  0.004 
0.060 

72*  0.439 

p  -  0.02 

0 

p  ■  0.949  1 

/  ^  1.417 

Pi  = 

1 

\  Pz’ 

1  ** 

72= 

0.0050 

0.0175 

0.0790 

Po“ 

P  * 

7  * 

0  010 

1.004 

1.079 

[  pj=  0.006 

p.=  0.015 
y^=  0.066 

P  “ 

7  * 

0.010 

1.079 

1.071 

300 

0 

0  i 

1 

1 

0 

0  i 

0 

0 

500 

1 

1 

0 

0 

0 

0 

700 

1 

1 

0 

0 

0 

0 

1000 

1 

1 

1 

1 

1 

1 

2000 

2 

2 

2 

2 

2 

2 

3000 

2 

2 

3 

3 

3 

3 

5000 

3 

3 

5 

5 

6 

7000 

3 

3 

6 

6 

7 

7 

10000 

. .  .  ■  1 

4 

4 

7 

7 

1 _ 

Under  the  assumptions  stated  7|^  *  ^  and  ?^,p,  end  7  have  been  computed  from  (54),  (61), 
and  7  ■  7j,+  ;>y^.  It  will  be  seen  that  the  approximation  is  cxcellen  also  for  small 
values  of  N  evt  '  in  cases  where  P2^P^  quite  small. 

It  has  alto  been  postulated  that  the  accepcance 

number  for  the  Bayesian  sampling  plan  based  on  a  two-point  distribution  is  approximate 
ly  equal  to  the  acceptance  number  for  the  "equivalent"  IQL  plan  for  a  one-point 


distribution.  Numerical  investigations  navt  confirtp^d  that  the  approximtion  is  good 
for  P2^Pi^  whereas  deviations  of  I  or  2  may  occur  for  3  <  P2/Pj^^  5,  For  P2^Pl^  ^ 
the  apprcxiiaatior.  is  usually  poor.  The  following  typical  examples  are  based  on  the 
same  assumptions  as  in  Table  3. 
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Comparisons  of  acceptance  numbers  for  Bayesian  plans  and  equivalent  IQL  plans. 


N 

_ 1 

p^*0.004 

p2*'0.06C 

72=0.439 

p  »0.02 

0 

p  -0.949 

7  “1.416 

pj^*0.004 

P.,'0.020 

* 

72-0.088 

p  “0.010 

’^0 

p  “1.015 

7  -1.089 

n^O.0050 

P2-O.OI75 

72-0.0790 

p  “0.010 

*^0 

p  “1.004 

7  -1.079 

pj“0.006 

p2“0.015 

72*0.066 

p  -0.010 

p  -1.079 

7  -1.071 

1 

0 

Accept 

0 

Accept 

0 

Accept 

0 

500 

1 

1 

0 

tl 

0 

tt 

0 

1 

1 

«« 

0 

It 

0 

tt 

0 

2 

1 

tl 

1 

It 

1 

It 

0 

2 

2 

M 

2 

tl 

2 

II 

2 

3000 

3 

2 

It 

2 

tl 

3 

It 

3 

5000 

3 

3 

3 

3 

It 

4 

II 

5 

7000 

3 

3 

3 

4 

tt 

6 

II 

7 

10000 

4 

3 

4 

5 

5 

7 

II 

9 

30000 j 

5 

5 

7 

8 

10 

11 

11 

16 

100000 1 
_ 

6 

6 

11 

11 

15 

17 

21 

25 

Erample  5.  Thi^i  data  are  as  in  Exanple  1  with  the  modification  that  the  producer  has 
decided  on  an  IQL  of  3X  Instead  of  a  LTPD  of  5%.  For  Pj^»  0.01,  p^“  0.03,  7  ■  1>  and 
N  “  1000  we  find  the  IQL  plan  in  the  table  as  n  ■  89  and  c  ■  2.  If  7  had  been  equal 
to  1/2  instead  of  1  the  table  should  have  been  entered  with  N  ■  500  which  gives  the 
plan  n  =  56  and  c  ”  1. 

Suppose  now  that  there  exists  a  prior  distribution  of  p  with  probability  w^*  0.85 

for  p  ■*  0.01  and  probability  0,15  for  p  ■  0.05  and  that  the  producer  wants  to 

minimise  average  costs  under  the  restriction  P(p  )  ■  1/2  %riiere  p  Is  determined  by 

o  o 

(54),  i.e.  p  »-  0.0250.  for  k  (p)  -  k  (p)  and  k  (p)  »  0  wc  find  7  »  1  and  7.-  -0.176. 

O  IT  S  d  X  ^ 

From  (61)  it  follows  that  p  ■  0.998  so  that  7  «  7^+  p72*  0.824.  For  N  «  824  the 

tables  for  IQL  •  27.  and  37.  give  c  »  1  and  2  respectively.  Consulting  the  Poisson 

table  for  r  *  p./p  ■  0.40  and  M  ■  25  x  0.824  ■  20.6  it  will  be  seen  that  c  ■  2  is 
I  o 

to  be  preferred.  From  (49)  we  then  find  n  ■  106. 


Example  6.  To  find  the  IQL  plan  for  the  data  in  Example  2  we  first  compute  p  ■  0.033 
by  means  of  (54),  p  •  1.001  frora  (61),  and  7  ■  7j^+  p72“  0.735.  Entering  the  IQL 
Poisson  table  with  M*“  500  x  0.033  x  0.735  ■  12.1  and  r  ■  0.009/0.033  ■  0.27  we 
find  c  -  1  and  n  ■  1.678/0.033  -  51.  The  binomial  probability  P(p^)  ■  0,49496.  From 


Q(Pl)  - 

Using  c 


0.07732  and  P(p2)  -  0.07733  we  find  R  •  51  +  25.5 
>•  1  to  find  the  Bayesian  n^  wc  compute  a  *  (log 


-  76.5. 

^2  -^1 

:~)/(log  )-  -16.4. 

7l  92 


3A  - 


P  *  30.3,  and  -16.4  +  30.3  x  1,5  ®  29  as  compared  to  the  exact  solution 

n  -  30. 

The  results  found  in  Examples  2,  A,  and  6  have  been  summarised  in  the  following 
table. 


Plan 

c 

n 

R 

lOOQ(p^) 

lOOPfpp 

LTPD 

1 

48 

73  .C 

7.0 

9.5 

AQL 

1 

39 

64.8 

4.8 

17.0 

IQL 

1 

51 

76.5 

7.7 

7.7 

Bayes 

1 

30 

61.3 

3.0 

29.6 

9.  The  0C~curve. 

Let  the  solution  of  the  equation  lOOP(p)  «  a,  0  <  a  <  100,  be  denoted  by  p^.  From 
(49)  we  have  with  good  approximation 

P5Q*  (c  +  j)/ (n  +  j) , 

so  Chat  p^  may  be  easily  found  for  any  given  sampling  plan. 

In  [6j  it  has  been  shown  that  an  approximate  solution  to  the  equation  100B(c,n,p)  «  a 

may  be  found  by  first  solving  the  corresponding  Poisson  equation  l00B(c,m)  •  a  with 
respect  to  m  and  then  computing 

p.m/(n  +  ^). 

The  accuracy  of  this  approximation  has  been  checked  numerically  for  p^^  and  p^^. 

The  relative  error  is  normally  a  decreasing  function  of  c  and  an  increasing  function 
of  p. 

For  pjQ  the  relative  error  is  less  than  0.5%  for  all  c  and  for  all  p  <  0.20  which  means 

Chat  the  formula  gives  p^^  to  three  significant  figures  in  practically  all  cases. 

For  Pgj  the  relative  error  is  less  than  0.5%  for  all  c  and  all  p  <  0.05,  less  than 
1%  for  p  ■  0.10,  and  less  than  2%  for  p  »  0.20.  (For  p  ■  0.20  the  statement  does  not 
hold  for  c  *  1  where  the  relative  error  is  4%). 

Values  of  m  as  function  of  c  may  be  found  in  the  LTPD  and  AQL  Poisson  Cables  in  the 

2 

Appendix,  or  in  a  table  of  X  -fractiles. 

By  using  this  simple  formula  and  the  information  given  in  the  sampling  Cables  it 
follows  Chat  at  least  four  points  on  the  OC-curves/ known  or  easily  found. 

Consider  for  example  the  LTPD  plan  for  p^*  0.10,  p^*  0.04,  7  “  1,  and  N  •  300,  idiich 
give  (n,c)  »  (78,4).  The  table  gives  P(Pj)  •  0.798  and  P(P2)  •  O.IO.  The  formulas 
above  give  p^^*  0.060  and  p^j»  1.970/(70-1.02)  •  0.0256, 

It  should  also  be  noted  chat  the  same  plan  may  occur  in  other  columns  of  the  same 
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LTPD  table  or  in  the  corresponding  table  for  7  ■  5  In  which  case  further  values 
of  lOOP(p)  may  be  read  from  the  table.  In  the  example  above  we  find  in  the  table 
for  7*5  and  0.03  the  result  P(pp  ■  0.915. 

Consider  the  plan  for  N  «  500  Instead  of  N  »  300.  The  plan  Is  (n,c)  «  (91,5)  and  it 
occurs  in  all  columns  of  the  table  cither  for  7  •  1  or  7  «  5.  Therefore  6  points  on 
the  OC-curve  are  given  directly  by  the  table. 

As  a  further  example  consider  the  IQL  plan  for  p^»  0.05,  pj“  0.03,  7*1.  aiio 

N  »  1000,  which  give  (n,c)»(113,5) .  The  table  directly  gives  P(0.015)  ■  0.993, 

P(0.02)  »  0,974,  P(0.03)  ■  0.875,  and  P(0.05)  ■  0.50.  The  formula  gives 

P-,»  2.613/111.8  *  0.0234  and  p,  »  9.275/115.1  ■  0.0806.  Furthermore  the  relation 
95  10 

P(p^)  <f  PCp^)  ^  1  may  bo  used  to  obtain  the  three  approximate  values  of  P(P2) 

corresponding  to  the  given  values  of  P(p^)  since  p^  has  been  tabulated  as  function 

of  p  and  p-  on  p..  31  In  th«  Appendix. 

0  1 

It  should  finally  be  noted  that  in  case  c  and  p  are  known,  the  formula  may  be  used 
to  find  n  as 

ra  ra  "  c 

f|  S  M 

P  1  ' 

10.  A  generalization  of  the  AOQL  system  of  sampling  inspection  plans. 

Suppose  that  the  quality  distribution  of  the  main  part  of  lots  submitted  for  inspection 
is  a  binomial  distribution  with  parameter  p^  and  that  the  prior  distribution  other¬ 
wise  is  unknown.  Suppose  further  that  the  cost  functions  are  k  (p)  »  S.,  k  (p)  *  R., 
and  b^(p)  ”  A^p.  The  average  costs  for  lots  of  qiiality  p  due  to  accepted  defecti'/O 
Items  then  become  (l-n/N)A2pP(p)  per  item  of  the  lot.  In  an  attempt  to  control  the 
damage  re&ulting  from  accepted  defective  items  one  might  specify  an  upper  limit,  k^ 
say,  for  these  costs  instead  of  choosing  P2  and  F(p2)  as  in  the  first  part  of  section 
6. 

As  a  reasonable  principle  for  dateraiolqg  a  sampling  plan  one  may  then  choose  to  minimize 

the  average  costs  for  lots  of  nortjal  quality,  i.c.  R  ■  n  +  (N-n)7Q(pj)  where 

7  ■  (Rj^-  A2pp/(Sj-  A2pj),  under  the  restriction  that  max  {(I  -  n/N)A2pP(p) )  ■  kj^. 

P 

One  of  the  advantages  of  this  system  as  compared  to  the  LTPD  system  is  that  the 
(arbitrary)  choice  of  two  parameters,  viz.  P2  and  P(P2)^  replaced  by  the  choice 
of  one  parameter,  k^,  which  in  most  cases  also  will  be  moi';3  meaningfol.  Furthermore 
the  system  has  the  property  that  both  the  producer's  and  the  consisner's  lisks  tend 
to  zero  for  n  — >  00. 

It  will  be  seen  that  P|^  identical  to  the  AOQL  in  Dodge  and  Romig's  ter¬ 

minology  [3].  For  7  “  I  we  obtain  the  Dodge-Romig  AOQL  system. 
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The  asymptotic  properties  of  the  present  system  are  therefore  identical  to  the 

properties  of  the  AOQL  system,  see  Hald  and  Kousgaard  [9],  with  one  addition 

iwhich  takes  into  account  that  7  may  be  different  from  1.  Comparing  the  proof 

In  [9J  with  the  corresponding  one  for  the  LTPD  system  given  in  section  5  it  follows 

imnedlately  that  the  result  regarding  7  is  valid  In  both  cases,  i.e.  the  sampling 

plan  for  lot  size  N  and  cost  parameter  7  Is  for  large  N  equal  to  the  plan  for  lot 
* 

size  N  «  and  cost  parameter  1.  It  is  conjectured  that  this  property  holds  also 
for  small  N  with  good  ap,jroximation  if  only  7  <  3.  The  Dodge-Romlg  AOQL  tables  may 
therefore  be  used  In  such  cases. 

If  rejected  lots  are  rectified  p^  has  the  usual  AOQL  Interpretation.  In  cases  with 
unknown  A2  and  rectification  one  may  therefore  specify  p^  and  minimize  R  with 
7  *  Rj/Sj  since  AjPj^  normally  is  small. 

11,  General  remarks. 

We  shall  here  compare  the  three  systems  of  sampling  plans  and  the  Bayesian  solution 
under  the  asstmption  that  p^<  p^<  P2.  Furthermore  some  coianents  on  the  three  systems 
arc  given  for  the  case  wlere  p  is  unknown  because  one  of  the  components,  k  (p)  or 
t^he  cost  function  Is  unknown.  We  shall,  however,  always  assume  that  p^ 
represents  a  satisfactory  and  p^  an  unsatisfactory  quality  level  so  that  lots  of 
these  qualities  ideally  should  be  accepted  and  rejected,  respectively. 

For  a  given  prior  distribution  and  given  coots  the  optimum  solution  is  the  Bayesian 
one  which  for  small  N  often  will  be  acceptance  (or  rejection)  without  Inspection. 
However,  if  the  assumption  of  a  stable  prior  distribution  falls  and  there  is  no 
inspection  heavy  losses  may  be  Incurred  before  the  change  will  be  detected.  There¬ 
fore  a  need  exists  for  supplementing  the  Bayesian  solution  for  omall  N  wi th  a 
sampling  plan  or  for  replacing  the  Bayesian  solution  in  general  by  a  system  with 
similar  properties  as  the  Bayesian  for  large  N  and  leading  to  a  reasonable  sampling 
plan  also  for  small  N.  It  follows  froca  the  discussion  in  section  8  that  the  IQL 
system  has  the  desired  properties,  i.e.  the  IQL  plan  with  parameters  ^2^ 

is  recommended  as  a  substitute  for  the  Bayeslen  solution  with  parameters  (P|,P2/7j^^72) 
If  the  possibility  of  a  deterioration  of  the  prior  distribution  has  to  be  taken  Into 
account. 

The  LTPD  and  the  AQL  system  may  also  be  used  for  small  lots  but  not  for  large  lots 
since  the  economic  efficiency  of  these  plans  as  compared  to  the  IQL  and  Bayesian 
plans  tends  to  zero  for  N  *~>  00.  This  Is  due  to  the  fact  that  the  fixed  risk 
Introduces  a  terra  proportional  to  N,  O.lyjN  and  O.OSy^N  respectively,  into  the 
average  costs  and  this  term  will  for  large  N  dominate  over  the  sampling  inspection 
costs  n  ■  0(ln  R)  and  the  remaining  decision  losses  which  tend  to  a  constant,  see 
section  5.  Prom  ar.  economic  point  of  view  It  is  therefore  not  advisable  to  use  the 
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LTPD  and  the  AQL  system  for  large  lots.  These  system  will  tend  to  give  too  small  ’ 

sample  sizes  and  too  large  costs  because  of  the  fixed  risk. 

In  view  of  the  conclusion  above  it  seems  rsa'^or.uble  to  try  t-'  reformulate  the 

ideas  behind  the  LTPD  and  the  AQL  system  so  that  the  fixed  risk  required  only 

becomes  of  importance  for  small  lots.  This  might  be  done  by  oininizing  the  average 

costs  under  the  restriction  P(P2)  "  P  for  ^  ^  ^ 

similarly  Q(Pj)  ■  «  for  N  S  and  Q(pp  *  **  ^  **0^  ■  Theory  and  tables 

for  such  plans  may  easily  be  developed  along  similar  lines  as  in  the  present 

paper,  but  they  have  the  drawback  of  depending  on  two  arbitrary  parameters, 

or  (a,N  ) . 

'  o 

It  is  possibly  not  worth  while  pursuing  this  idea  further  because  a  similar  effect 
may  be  obtained  by  switching  over  from  the  LTPD  (or  AQL)  system  to  the  IQL  system 
for  a  certain  value  of  N,  say.  If  for  some  specific  reason  an  upper  limit  of 
107.  has  been  fixed  for  the  consumer's  risk  one  nay  use  the  LTPD  system  for  N  $ 
and  the  IQL  system  for  N  >  where  is  determined  so  that  IQL  plans  for  N  > 
all  have  P(p2)  <  0.10. 

As  discussed  previously  another  reason  for  introducing  restrictions  on  the  Bayes 
solution  may  be  lack  of  detailed  knowledge  of  one  of  the  cost  components,  k  (p) 
or  k^(p) .  This  docs  not,  however, changs  the  results  of  the  above  discussion  if 
only  it  is  clear  that  p^  represents  a  satisfactory  and  P2  an  unsatisfactory 
quality  level.  Since  the  economic  consequences  of  wrong  decisions  are  more  serious 
for  large  than  for  snail  lots  it  is  necessary  that  the  risk  of  wrong  decisions 
decreases  with  increasing  lot  size.  This  condition  is  satisfied  by  the  IQL  system 
but  not  by  the  LTPD  and  AQL  systems. 
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Tablet  with  blnotilel  rltkt.  7  •  0.2.  19  -  23 

Tablet  with  blnowlal  rltkt.  7*1.  24-28 

Tablet  with  Poltton  riaha.  7  *  0.2.  29 

Tablet  with  Poltton  rltkt.  7  ■  1*  90 

IQL  tablet  with  rltk  of  50  X  31  -  41 

Detcrlptlon  of  tablet.  31  -  32 

T^let  with  blnoeltl  rltte.  7*1.  33-37 

Tablet  with  Poiaaoa  rltkt.  7  ■  1.  38-39 

Tablet  of  p^.  40-41 


LT?D  single  gmpltng  tables  with  '  onsumer's  risk  of  10  % 


and  minimum  average  "oats. 

The  toblea  on  pp.  4-13  are  based  on  a  binomial  consumer's  risk  of  10  P(P2)  •  0.10, 

and  a  binomial  producer's  risk,  Q(p^)  *  1  ^  P(p^).  The  sampling  plans  given  minimize 

the  average  costs  R  >  n  +  (N-n)7Q(p, ). 

o  i 

The  same  plans  minimize  the  average  costs  R  -  n  +  (N  -  n)(7^Q(p^)  + 

P(p2)  "  since  R  ■  (1  -  O.l^j)  R^  +  O.ly^N  with  y  -  7^/(1  -  O.I72). 

The  condition  P(P2)  **  0.10  has  been  fulfilled  as  nearly  as  possible  in  the  way  that 
n  has  been  determined  as  the  smallest  integer  satisfying  B(c,n,p2)  S  0.10. 

The  tables  give  n,c  and  100  P(P|^)  as  functions  of  N  for  7  >  1  and  5,  and  for  the 
following  SO  coisbinations  of  100  p,  and  100  p^^: 

lOOPgj _ lOOpj^ _ 


0.5  , 

V' 

0.05 

0.1 

0.15 

0.2 

0.25 

1 

0.1 

0.2 

0.3 

0.4 

0.5 

t 

2  1 

0.2 

0.4 

0.6 

0.8 

1.0 

3 

0.3 

0.6 

0.9 

1.2 

1.5 

j 

4 

0.8 

1.2 

1.6 

2.0 

2.4 

5  i 

1.0 

1.5 

2.0 

2.5 

3.0 

7 

1 

2.1 

2.8 

3.5 

4.2 

4.9 

10  ; 

3.0 

4.0 

5.0 

6.0 

7.0 

i 

15  ; 

4.5 

« 

6.0 

7.5 

9.0 

10.5 

20 

6.0 

6.0 

10. 0 

12.0 

14.0 

Methods  of  interpolation  have  been  discussed  in  section  6. 
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The  tables  may  be  used  for  7>  ^  1  and  7  ^  ^  following  voy:  For  7  S3  coopute 

H  ■  N7  and  use  the  plan  for  N  and  7  ■  1,  For  3<  7  <  10  compute  N  •  N7/5  and  use 
« 

the  plan  for  N  and  7  ■  5* 

For  7  >  1  total  Inspection  is  cheaper  than  sampling  inspection  if  Q(pj^)  >  I/7.  In 

such  cases  the  letter  t  has  been  added  after  the  sample  sice. 

If  the  consumer's  risk  is  defined  as  a  hypergeoaetric  instead  of  a  bin(»iial 
probability  a  good  approximation  to  the  solution  may  be  obtoined  by  using  the 
binomial  c  and  correcting  the  binomial  n  to  n^  ■  n[l  -  (np^  c)/ (2Np2)l . 

The  tables  on  pp.  14  16  are  based  on  the  same  assumptions  with  the  only  modification 

that  the  consumer's  and  the  producer's  risks  have  been  computed  from  Poisson 
probabilities.  The  functions  m  ■  np2  nnd  M  *  Np2  have  been  tabulated  for  M  <  50,000 
with  c  and  r  ■  Pi^P2  arguments  for  c  i  99  and  r  *  0.05,  0. 10, . . . ,0. 70,  and  for 
7=1  and  5.  The  optimum  plan  is  (c,m)  for  M(c  1)  <  M  <  M(r). 

For  7  S  3  use  M  *  M7  and  the  table  for  7  ■  1.  For  3<  7  <  10  use  M  ■  M7/5  and  the 
table  for  7*5. 

Underlining  of  M  In  the  table  for  7*3  means  that  total  inspection  is  cheaper 
than  sampling  inspection. 

An  approximation  to  the  "binomial  solution"  may  be  obtained  by  using  -  from  the 
Poisson  table  and  correctiog  the  corresponding  n  to  n^  »  n  -  (npj  c)/2. 


0,5  per  cent  and  7  =1 
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Single  Senpling  Tables  for  liTPD  « 


N 


500 

500 

700 

1000 

2000 

5000 

5000 

7000 

10000 

20000 

30000 

50000 

70000 

100000 

200000 


0,05 

J _ 

0.10 

1 

1  0.20 

1  0.25 

In 

c 

loop 

1  " 

1 

c 

loop 

n 

c 

loop 

n 

c 

loop 

f-T 

c 

loop 

All 

ce 

- 

AU 

• 

•V 

MI 

All 

m 

k6o 

0 

79.4 

460 

0 

63.1 

460 

0 

50.1 

460 

0 

39.8 

460 

0 

31 .6 

460 

0 

79.4 

46o 

0 

63.1 

460 

0 

50.1 

460 

0 

39.8 

460 

0 

31.6 

460 

0 

79.4 

460 

1 

0 

63.1 

460 

0 

50.1 

460 

0 

39.8 

460 

0 

31.6 

46o 

0 

79.4 

777 

1 

81 .7 

777 

1 

67.5 

777 

1 

54.0 

777 

1 

42.1 

777 

1 

94.2 

777 

1 

81.7 

1063 

2 

78.5 

1063 

2 

64.3 

1063 

2 

50.4 

777 

1 

94.2 

1063 

2 

90.8 

1335 

3 

85.7 

1597 

4 

78.2 

1597 

4 

63,0 

777 

1 

94.2 

1335 

3 

95.3 

1597 

4 

90.5 

1853 

5 

82.9 

2105 

6 

72.3 

1063 

2 

‘)6.3 

1535 

3 

95.3 

1853 

5 

93.7  j 

2352 

7 

89.6  ^ 

2839 

9 

82.1 

1063 

2 

9B.3 

1597 

4 

97.7  1 

2352 

7 

97.2  ! 

3079 

10 

95.1  ■ 

4023 

l4 

91 .4 

1335 

X 

J 

99.5 

1053 

5 

98.8 

2597 

8 

98.2  ’ 

5317 

11 

96.2 

4718 

17 

5^4,5 

1335 

3 

99.5 

2105 

6 

99.4 

2839 

:8.6  r 

4nf3 

14 

93.2  : 

5406 

20 

96, 5 

1335 

5 

99.5 

2105 

6 

99.4 

3079 

10 

99.2  j 

'•i.  ^6 

’.5 

98.6  j 

60^7 

23 

*  y 

O'-  Ct 

7  ( » -1 

1597 

4 

I 

99.9 

2352 

7 

99.7 

3317 

11 

'99.5  1 

4718 

‘J 

99.2 

6539 

25 

96,3 

1597 

U 

99.9 

2597 

8 

99.9 

555^^ 

12 

99.7  j 

5178 

19 

99.5 

7659 

30 

99.2 

Single  SanpHng  l>ibiea  for  IZPD  »  1 ,0  per  cent  and  7  »1 


lOOp^ 

L 

0.2c 

1  1 

1 

N 

n 

c 

loop 

1 

c 

locr 

n 

1 

ZOO 

AU 

All 

I 

1  AU 

300 

!  230 

0 

79.‘* 

230 

0 

65.1 

,  250 

500 

230 

0 

79.4 

230 

0 

63.1 

i  230 

700 

230 

c 

79.4 

230 

G 

63.1 

!  230 

1000 

230 

0 

79.4 

I  jae 

1 

81 ,7 

1  388 

2000 

388 

1 

94.2  ! 

1 

1  531 

2 

:?0.8 

531 

3000 

588 

1 

94.2  ; 

531 

2 

90.6 

!  667 

5000  ! 

531 

2 

98,3 

667 

X 

95.4 

.  926 

7000  ! 

:  531 

2 

98.3 

790 

\ 

97.7 

!  1051 

10000 

531 

2 

98.3 

798 

97.7 

1175 

20000 

667 

3 

99.5 

926 

5 

90.8 

1297 

50000 

667 

3 

99.5 

1051 

6 

99.4 

l4iB 

50000 

798 

4 

99.9 

1175 

7 

99.7 

1656 

70000 

798 

4 

99.9 

1175 

7 

99.7 

1776 

100000 

798 

4 

99.9 

1297 

8 

99.9 

11776 

200000 

926 

5  100.0  1 

I4l8 

9 

99.9 

2010 

0.50 

1 

1 

0.40 

1 

1  0.50 

c 

ICOP 

i 

f 

I 

c 

loop 

[  r. 

c 

loop 

> 

. 

!  AU 

» 

AaI 

«• 

. 

G 

50.1 

250 

A 

39.3  i 

230 

0 

31.6 

0 

50.1 

230 

0 

59.8 

250 

A 

31.6 

/> 

■w- 

50. 1 

23C 

0 

39.8 

230 

0 

51.6 

« 

67.6 

3^ 

> 

54. Q 

368 

1 

42.2 

2 

78.5  1 

f:>67 

3 

72.1 

607 

3 

57.2 

3 

fii:  - 

:  79A 

78.2 

926 

5 

68.1 

5 

93.7 

1 1175 

1 

89.6 

I4l8 

9 

82.2 

6 

75.S 

11297 

p 

91 .9 

i  656 

11 

86.7 

7 

'77*2 

1 1538 

1C 

95.1 

2010 

14 

91.4 

6 

>8,2 

18^)3 

13 

97.7 

2587 

19 

95.9 

Q 

96.8 

2010 

14 

98.2 

2929 

22 

97.4 

n 

‘99.5 

2242 

16 

98.9  ; 

3268 

25 

'98.4 

12 

99.7 

2473 

18 

99.4 

5604 

28 

99.0 

12 

99.7 

258^7 

19 

>9.5  L’iSca 

30 

99.2 

14 

99.9 

2929 

22 

99.8  i' 

43«3 

35 

99.7 
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^nglc  Simoling  Tables  fojr  LTPD  «  2.0  per  cent  and  7  -  I 


lOOp^ 

0.20  1 

0.40 

1 

O.rO 

i 

;  0.80 

1  1.00 

N 

n 

c 

loop 

n 

c 

loop  j 

t 

n 

c  lOOP 

1 

n 

c 

loop  1 

j 

c 

loop 

100  i 

All 

- 

- 

All 

- 

i 

All 

m 

t 

j 

All 

- 

1 

“  j 

All 

- 

- 

200 

114 

0 

79.6 

Il4 

0 

63.3  i 

114 

0 

50.4 

114 

0 

4o.o  ; 

i  114 

0 

31.6 

300 

114 

0 

79.6 

Il4 

0 

63.3  i 

114 

0 

50,4 

114 

0 

40.0  i 

(  1*4 

1 

0 

31.0 

500 

»14 

0 

79.6 

194 

1 

81 08  i 

194 

1 

67.5 

194 

1 

1 

54.0 

:  194 

1 

42.1 

TOO 

194 

1 

94.2  j 

194 

1 

81.8  i 

i  265 

2 

78.6 

265 

2 

64.4 

^  265 

2 

50.5 

lOOC 

194 

1 

94.2  : 

I  265 

2 

90.9  j 

1  265 

r 

2 

78.6 

533 

3 

72.2 

;  333 

3 

57.3 

2000 

265 

2 

98.3 

*  333 

3 

95.4  ' 

i  398 

4 

90,6 

525 

6 

86.8 

•  587 

7 

76.2 

3000 

265 

2 

98.3 

333 

3 

95.4  , 

1  462 

93.8 

5^ 

7 

89.7 

^  768 

10 

84.7 

5000 

265 

2 

98.3 

398 

4 

97.7 

1  587 

7 

97.3 

768 

10 

95.2 

i  945 

13 

90.2 

7000 

333 

3 

99.5 

462 

5 

98.-8 

587 

7 

97.3 

828 

11 

96,2 

11120 

16 

93.7 

10000  : 

333 

3 

99.5 

462 

5 

98.8 

648 

8 

98.2 

945 

15 

97.8 

11292 

19 

96.0 

20000 

598 

4 

99.9 

s  525 

6 

99.4 

768 

10 

99.2 

1120 

16 

99.0 

il519 

23 

97.8 

3000c 

398 

4 

99.9 

'  5^ 

7 

99.7 

828 

11 

99.5 

1177 

17 

99.2 

|l688 

26 

98.6 

50000 

398 

99.9 

648 

8 

99.9 

887 

12 

99.7 

1292 

19 

99.5 

i  1912 

30 

99.5 

7000c 

462 

5 

100.0 

648 

8 

99.9 

945 

13 

99.8 

1406 

21 

99.7 

12023 

32 

99.5 

100000 

462 

5 

100.0 

'  708 

9 

99.9 

1004 

14 

99.9 

1463 

22 

99.3  12154 

34 

99.6 

200000 

462 

5 

100.0 

:  768 

10 

100.0 

1120 

16 

99.9 

1632 

25 

99.9 

12410 

39 

99.8 

Single  SBBqpUng  ‘Ifebies  for  LTFD  ?.G  per  cent  and  7  *1 


lOCp^ 

j  0.60  1 

1  0.90  , 

1  1 .20 

1.50 

*1 

r - 

K 

c 

loop 

!  n 

V 

}oor 

r* 

loop 

n 

V. 

loop 

n 

c 

lOCP 

70 

All 

AU 

« 

All 

«• 

All 

j 

AU 

100 

7^ 

0 

79.6 

76 

0 

63.3 

0 

50.3 

76 

0 

40.0 

76 

N.-- 

31.7 

200  i 

^  76 

0 

79.6 

76 

G 

63.3  j 

i  76 

r\ 

V 

50.5 

T6 

0 

40.0 

76 

c 

31.7 

300  ! 

■  76 

0 

79.6  ^ 

!  76 

0 

63.3 

!  Ic9 

1 

87.7 

|29 

i 

p**.l  I 

129 

42.2 

500 

129 

1 

94.2 

129 

1 

81.^  I 

!  I7f> 

2 

78.8 

176 

2 

64,6 

’.76 

2 

5C.7 

700  , 

129 

1 

:i4.2 

176 

c. 

A  • 

/  1 

'  nt' 

rn 

78.8 

221 

3 

72.5 

221 

3 

57.7 

1000  ; 

12*9 

1 

94.2 

176 

2 

91.0  i 

I  221 

3 

86.0 

265 

4 

78.5 

549 

6 

72.8 

2000 

176 

2 

98.4 

221 

w 

95.5 

■  508 

5 

93.8 

39c 

•y 

f 

89.9 

511 

10 

84.^ 

3000 

176 

2 

98.4 

265 

4 

9^.7 

j  349 

6 

96.0 

’471 

9 

93.9 

629 

13 

90.4 

5000 

221 

3 

99.5 

:  308 

5 

98.9 

1  431 

8 

98.3 

551 

11 

9^.3 

784 

17 

94.7 

7OCC 

221 

3 

95^.5 

308 

5 

9O.9 

1  471 

9 

98.9 

629 

13 

97.8 

86c 

19 

96.1 

10000 

221 

3 

99.5 

■;  349 

6 

•  471 

9 

98.9 

668 

14 

98.3 

936 

21 

/7.1 

20000 

265 

4 

9;^.9 

!  390 

#* 

i 

9*9.7 

551 

11 

99.5 

764 

17 

99.2 

1124 

26 

98.7 

5OCOO 

265 

4 

99.9 

■  451 

8 

99.9 

590 

12 

99.7 

860 

19 

99.5 

1256 

99  •c 

5OOCX) 

306 

5  100.0 

:  431 

8 

9*^.9 

ec9 

13 

99.8 

93?> 

21 

99.7 

1385 

33 

99.6 

7OOOO 

506 

5  lOC.O 

471 

9 

99.9 

668 

14 

99.9 

7?4 

22 

99.8 

145a 

35 

99.7 

100000 

508 

5  100,0 

!  471 

9 

99.9 

707 

15 

99.9 

1049 

24 

‘/■9.9 

1532 

37 

99.8 

200000  j  349 

6  100,0 

1  811 

10  100.0 

764 

-T 

100.0  , 

J124 

26 

1 

.1715 

42 

99.9 

6  - 


Single  SaiBpllng  ^^Bibles  for  Ll'PD  »  U.O  per  cent  and 


lOCp^ 

0.80 

• 

t 

1,20 

1.60 

2.00 

N 

n 

c 

loop 

!  n' 

c 

loop 

:  n 

c 

loop 

:  n 

c 

loop  1  n 

50 

All 

ma> 

• 

:  All 

•• 

'All 

■  All 

. 

i  All 

70 

?7 

0 

63.5 

i  ^ 

0 

50.3 

:  57 

0 

39.9 

'  71 

0 

31.6 

1  57 

100 

0 

63.3 

i  J? 

1 

0 

50,3 

57 

0 

39.9 

1  y' 

0 

31.6 

1  ^ 

200 

57 

0 

63.3 

i  57 

0 

50.3 

57 

0 

39.9 

1  ^ 

0 

31.6 

i  57 

500 

96 

1 

82.1 

j  96 

1 

68.0 

96 

1 

54.4 

96 

1 

42.5 

:  96 

500 

152 

2 

91.0 

!  132 

2 

78.3 

166 

3 

72.4 

193 

4 

63.7 

i  198 

700 

152 

2 

91.0 

166 

5 

36.0 

:  198 

4 

78.7 

;  230 

5 

6C.6 

i  230 

1000 

166 

5 

95.5 

193 

4 

90*8 

!  230 

5 

85.4 

i  292 

7 

76.7 

,  355 

2000 

198 

4 

97.8 

6 

96.0 

■353 

9 

94.0 

:  442 

12 

88,9 

i  587 

500c 

198 

4 

97.8 

292 

7 

97.4 

i  383 

10 

95.3 

!  530 

15 

92.9 

;  701 

5000 

250 

5 

98.9 

523 

8 

98.3 

'  471 

13 

y/.9 

616 

18 

95.5 

.  870 

7000  1 

262 

6 

99.4 

353 

9 

98,9 

:  501 

14 

98.5 

701 

21 

97.2 

’  l<^7 

lOOOC  1 

262 

6 

:^.4 

583 

1C 

99.3 

1  330 

15 

98.7 

736 

24 

98.2 

;  1120 

20000  1 

292 

7 

99.7  i 

V42 

12 

99.7 

'6l6 

18 

99.4 

898 

28 

99.1 

‘  1367 

50000  1 

525 

8 

99.9  i 

471 

13 

99.8 

'  673 

20 

99.7 

982 

31 

99.4 

'  1504 

50000  , 

553 

9 

99.9 : 

5C1 

14 

99.9 

701 

21 

99.7 

1065 

34 

99.6 

■  1612 

70000  : 

355 

5 

99.9  ! 

530 

15 

99-9 

758 

23 

99.8 

1120 

36 

99.7 

'  1775 

100000  : 

383 

10 

100,0 ; 

559 

16 

99.9 

786 

24 

99.9  ■ 

1203 

39 

99.8 

1883 

200000  1 

415 

11 

lO^.O  ! 

587 

17 

100.0 

870 

27 

99.9 

1313 

43 

99.9 

,2071 

Single  Saiipling  Tables  for  LTH)  »  5*0  per  cent  ajad  y 


lOOp^  :  l.CO  1,50  2.00  ,  2,50 


N 

1  ^ 

c 

loop 

!  n 

c 

loop 

1  n 

c 

loop 

twMww  mm 

1  ^ 

c 

loop 

r-"-" 

n 

30 

i  An 

» 

1  An 

•• 

!aii 

1  An 

An 

50 

^5 

0 

63.6 

1 

0 

50,7 

^5 

0 

40.3 

i 

0 

32.0 

45 

70 

!  45 

0 

63.6 

0 

50.7 

45 

0 

40.3 

i  45 

0 

32.0 

45 

100 

i+5 

0 

63,6 

'  45 

1 

1 

0 

50.7 

45 

0 

40.3 

^5 

0 

32.0 

45 

200 

i  Vr 

1 

82.0 

! 

1  "p 

1 

67.9 

77 

1 

54.5 

77 

1 

42.3 

77 

300 

77 

1 

82.0 

105 

2 

79.1 

105 

2 

64.9 

105 

c. 

51.0 

105 

500 

2 

91.1 

’55 

3 

86,2 

158 

4 

78.9 

158 

4 

63.9 

158 

700 

132 

3 

95.6 

158 

4 

90.9 

154 

S 

85.5 

209 

6 

73.0 

258 

1000 

132 

3 

95.6 

184 

5 

94.0 

209 

6 

87.2 

282 

9 

82,8 

506 

2000 

158 

4 

97.8 

209 

6 

96.0 

306 

10 

95.4 

400 

14 

91.9 

492 

3000 

184 

5 

98.9 

258 

8 

98.3 

353 

12 

97.5 

446 

16 

94.1 

628 

5000 

209 

6 

99.5 

2S2 

9 

98.9  ! 

4oo 

14 

98,4 

538 

20 

96.8 

740 

7000  ; 

209 

6 

99.5 

306 

10 

99.3  ’ 

423 

15 

98.8 

583 

22 

97.7 

873 

10000 

1 

254 

7 

99.7 

350 

n 

99.5  ; 

446 

16 

99.0 

628 

24 

98.3  ' 

962 

20000  i 

258 

8 

99.9  1 

353 

12 

99.7  ^ 

515 

19 

99.6  1 

740 

29 

99.2 

1137 

30000  1 

258 

8 

99.9  i 

377 

13 

99.8  ! 

538 

20 

99.7 : 

807 

32 

99.5 

1267 

50000  1 

282 

9 

99.9  1 

4oo 

14 

99.9  1 

583 

22 

99.8 1 

873 

35 

99.7  : 

1397 

70000  ' 

28e 

9 

99.9 

423 

15 

99.9  , 

628 

24 

99.9 ! 

94c 

38 

99.8 

1446 

100000  1 

306 

1C 

100.0 

446 

16 

99.9 

651 

25 

99.9  : 

984 

40 

99.9 

1548 

200000  i 

330 

11 

100.0 

492 

18 

100,0 

718 

28 

100,0  ■ 

1071 

99.9  : 

1720 

2,  iO 
c  loop 


0  25.0 
0  £5.0 

0  25.0 
1  52.6 

4  48.5 

5  52.4 
9  65.7 

17  82.5 
21  87.4 
27  92.4 

55  95.5 

56  96.5 

45  98,4 

50  99.0 

54  99.5 
60  99.6 
64  99,7 
71  99.8 


.00 


c  loop 


0  25.4 
c  25,4 
0  25.4 

1  52.4 

2  58-7 
4  48,5 
8  62.9 
10  68,6 

18  85.9 
24  90,4 

29  95.7 
55  96,5 
59  97.5 

47  96.7 
55  9«.2 
59  99.6 
61  99.6 
66  99.8 
74  99.9 


7  - 


-Single  Sangjling  Tables  for  LTPD  =  7.0  per  cent  end  7  -1 


loop, 


50 

50 

70 

100 

200 

300 

500 

700 

1000 


2,10 


n  c  loop 


2,80 


3.50 


4,20 


4.90 


All 

32 

32 

32 

75 

75 

113 

131 

149 


0  50.7 
0  50.7 
0  50.7 


2 

2 

4 

5 

6 


79.1 

<9.1 

91.0 

94.1 

96.1 


2000  166  7  97.5 

3000  184  8  98.4 

5000  218  10  99,3 

7000  ,218  10  99,3 
10000  >  235  n  99.6 

20000  268  13  99.8 

30000  285  14  99.9 

50000  501  15  99,9 

70000  -318  16100,0 
100000  334  17  100.0 
200000  351  18100.0 


All 

32 

32 

32 

75 

94 

131 

166 

184 


0 

0 

0 

2 

3 

5 

7 

8 


268  13 


loop  -  n 

c 

loop  :  n 

t 

c 

loop 

n 

c 

loop 

-  ■  All 

m 

-  i  All 

m 

1 

i  AU 

40.3 

52 

0 

32.0 

•  32 

0 

25.3 

;  32 

0 

20.0 

4o,3 

■  32 

0 

32.0 

;  52 

0 

25.3 

!  32 

0 

20.0 

4o,3 

:  52 

0 

32.0  , 

1 

1  52 

1 

0 

25.3 

i  32 

0 

20.0 

64,9 

'  75 

2 

50.9  i 

'  75 

2 

38.5 

1 

!  75 

2 

28.2 

73.0 

1  94 

3 

58.1  ! 

94 

3 

44.0 

94 

3 

31.8 

85.7 

166 

7 

77.3  ’ 

166 

7 

60.3 

I  166 

7 

43.0 

90.4 

201 

9 

83.1  ! 

218 

10 

69.0 

j  268 

13 

55.8 

92.4 

! 

11 

87.5  i 

301 

15 

79.9 

i  334 

17 

62.6 

96.6 

1  301 

15 

93.4  ' 

399 

21 

87.9 

i 

:  575 

32 

80.1 

98,0 

367 

19 

96.4  1 

512 

28 

93.4 

1  701 

40 

85.8 

98.8  , 

;  399 

21 

97.4  ' 

591 

33 

95.8 

i  919 

54 

92.3 

99.1 

464 

25 

98.6  ; 

654 

37 

97.0 

jl027 

61 

94.3 

99.3  i 

496 

27 

99.0 

748 

43 

98.3 

jll50 

69 

96.0 

99  «7  ; 

5^5 

32 

99.6  : 

8?7 

50 

99.1 

1425 

&7 

98.2 

99.8 

607 

34 

99.7 ; 

950 

56 

99.5 

1577 

97 

98.9 

99.9 

654 

37 

99.8  1027 

6l 

99.7  ' 

48o  26  99.9 
528  29  100.0 


701 

717 

779 


4l  99.9  1150  69  99.3 
45  99.9  1242  75  99,9 


Single  Sampling  Tables  for  LTPD  -  10.0  per  cent  and  7  -1 


lOOpj 


N 

30 

50 

70 

100 

200 

300 

500 

700 

1000 

2000 

3000 

5000 

7000 

10000 

20000 

50000 

50000 

7000c 

100000 

200000 


3.00  ^  4.00 


!  ^ 

c 

loop 

i  n 

! 

c 

loop 

1 

'  n 

I 

!  22 

0 

51.2 

22 

0 

40.7 

j  22 

,  22 

0 

51 .2 

22 

0 

40.7 

1  22 

i  22 

0 

51.2 

22 

0 

40.7 

.  22 

1  38 

1 

1 

68,4 

38 

1 

54.8 

i  38 

1 

1  ^ 

2 

79.5 

'  65 

3 

73.8 

i  65 

1  65 

3 

86.9 

1  78 

4 

79.8 

'  9i 

91 

5 

94.4 

116 

7 

90.6 

:  140 

91 

5 

94.4 

,  128 

8 

92.8 

■  175 

116 

7 

97.6 

;  l4o 

9 

94.5 

!  187 

128 

8 

98.5 

'175 

12 

97.6 

i 

i  233 

l4o 

9 

99.0 

:  199 

14 

98,5 

;  267 

152 

10 

99.4 

■  210 

15 

98.9  ' 

'  312 

164 

11 

99.6 

i  233 

17 

99.4  j 

-  346 

175 

12 

99.7 

256 

19 

99.6  ! 

1 

368 

187 

13 

99.8 

:  267 

20 

99.7  i 

415 

210 

15 

99.9 

1  301 

23 

99.9  ! 

446 

210 

15 

99.9 

■  312 

24 

99.9  j 

479 

233 

17 

100,0  j 

:  355 

26 

99.9 

511 

235 

17 

100,0  ! 

346 

27 

100.0  : 

522 

256 

19 

100.0  : 

379 

30 

100.0  ' 

566 

5.00  I  6.0c 


c 

loop 

i  n 

1 

c 

loop 

n 

0 

32.4 

j  22 

0 

25.6 

22 

0 

32.4 

1  22 

0 

25.6 

22 

0 

32,4 

I  22 

0 

25.6 

22 

1 

42.7 

38 

1 

52.6 

22 

3 

59.0 

65 

3 

44,8 

65 

5 

69.6 

91 

5 

53.3  , 

91 

9 

83.6 

175 

12 

74.7  ' 

175 

12 

89.9 

210 

15 

80.4  1 

^  233 

13 

91 .3 

233 

17 

83.5 

312 

17 

95.4 

346 

27 

93.2 

511 

20 

97.2  i 

390 

31 

95.3 

609 

24 

98.5 

468 

38 

97.5  ! 

728 

27 

99.1  ! 

511 

42 

98.3 

81 4 

29 

99.3  ‘ 

544 

45 

98.7  1 

889 

53 

99.7  1 

631 

53 

99.4  ; 

1070 

36 

99.8  ! 

674 

57 

99.6  ! 

39 

99.9 

728 

62 

99.7  i 

42 

99.9 

771 

66 

99.8  1 

43 

99.9  ' 

8l4 

70 

99.9  * 

47  100.0  i 

99.9 

7.00 


c  loop 

0  20.3 
0  20.3 

0  20.3 
0  20.3 

3  32.5 
5  38.1 
12  54.6 
17  63.3 
24  72.9 

42  87.7 
51  91.8 
62  95.0 

70  96.5 

77  97.5 
94  98.9 


I 


i 


I 

I 


I 

■4" 


m 


i 


1 


i 


-  8  - 


Single  SaapUng  IWiles  for  LTFD  «  15.0  per  cent  and  y  »1 


loop  i 
N  j  n 

30  I  15 
50  j  15 
70  25 

100  Jli 


4.50 


200  I 
300 
500  ! 
700  ! 
1000  I 


43  3  »7.3 

60  5  yif.e 

68  6  96.7 

68  6  96.7 

77  7  97.8 


2000  !  100  10  99.5 

3000  I  100  10  99.5 

5000  ;  108  11  99.7 

7000  I  116  12  99.8 

10000  I  116  12  99,8 


6.00 


c  loop 
0  50.1 

0  50.1 

1  68.9 

2  80.4 


7.50 


c  loop  in  e  loop 


!  15 

;  25 

I  34 

i  60 
68 
85 
:  100 
i  108 


■  139 
1 15^* 
'  162 
;i77 


0  39*5  !  15 

0  39.5  i  15 

1  55.3  ;  25 

2  66.6  ;  54 

5  85.0  ,  68 

6  88.7  i  85 

8  93.1  j  108 

10  96.2  !  124 

11  97.1  :  154 


0  31.1 
0  31.1 

1  43.1 

2  52.6 

5  75.3 
8  81.4 
11  88.9 
15 

17  95.9 


68 

I  100 

jl39 
!  154 
1 192 


13  98.3  I  177  20  97.5  1266 

15  99-1  192  22  98*2  :288 

17  99.5  I  229  27  99.2  i339 

18  99.6  i  229  27  99.2  1368 

20  99.8  i  244  29  99*5  1397 


9.00 

c  loop 

0  24.3 
0  24.3 

1  32.9 

2  39.9 
6  58.6 

10  71.2 

13  81.5 
17  84,7 

22  90.3 

32  96.2 
3  5  97.2 
42  98.6 
46  99.0 
50  99.3 


10.50 


;  15 
i  15 
i  25 
i  34 


c  loop 

0  18.9 

0  18.9 

1  24,6 

2  29.3 


^  99.9  288  35  99.8  '453  55  99.6 

I  ll?  58  99.9  '  469  60  99.8 

50000  ,  154  17  100.0  !  222  26  100.0  i  332  4l  99,9  '  512  66  99  o 

70000  I  154  17  100,0  1229  27  lOOiO  339  42  99,9  519  67  99,9 

100000  ;  154  17  100.0  1229  27  100.0  :  361  45  100.0  ^  560  74  99,9 

200000  177  20  100.0  '  244  29  100.0  ‘  3^^  48  100.0  6l£  80  1^*0 


I  68  6 

I  100  10 

i 154  17 
i 229  27 
1 266  32 

1368  46 
433  55 
1519  67 

'569  74 

i64o  34 

I 

^725  96 


42.0 

51.7 

64.8 

77.6 

82.1 

90.7 

93*9 

96.6 

97.5 

98*5 


Single  Sampling  Uables  for  im>  -  20,0  per  cent  and  7-I 


lOOp  i  6.00 


8,00 


10.00 


200  38 

300  30 

500  51 

700 

1000  63 

2000  69 

3000  75 

5000  86 

7000  36 

10000  92 

20000  j  98 
30000  !  109 
50000  ;  109 
70000  ;  115 
100000  i  121 
200000  :  126 


c 

loop 

i 

!  « 

c 

loop 

1  n 

1 

c 

0 

50.6 

1 

0 

40,0 

11 

C 

1 

70.6 

!  18 

1 

?7.2 

'  18 

1 

1 

70.6 

25 

2 

67.7  ! 

1  25 

2 

2 

81 ,3 

32 

3 

74.9  1 

58 

4 

4 

92.5 

51 

6 

89.0  1 

57 

7 

4 

92.5 

?7 

7 

91.7  ! 

69 

9 

6 

96.8 

69 

9 

95.3  i 

86 

12 

7 

98.0 

1  '^5 

10 

96.4  ; 

109 

16 

8 

98.7 

1 

!  06 

12 

98.1  ' 

1 

109 

16 

9 

99.2 

98 

14 

1 

98.9  ! 

143 

22 

10 

99.5 

109 

16 

99.4  i 

154 

24 

12 

99*8 

115 

17 

99.5  ' 

171 

27 

12 

99.8 

126 

19 

99.8  ; 

102 

29 

13 

99.9 

126 

19 

99.8  i 

193 

31 

14  99.9 

16  100.0 

16  100.0 

17  100.0 

18  100*0 
19  100,0 


143  22  99.9 
i  154  24  99.9 
I  160  25  100.0 
171  27  100.0 

171  27  100.0 

193  31  100,0 


99.4 

99.6 

99.7 


35  99.8 
37  99.9 
42  100.0 
42  100,0 
44  100.0 

49  100,0 


12.00 


I  11  0  24,5 

!  18  1  34.6 

I  25  2  40.9 

I  38  4  51.4 

I 

I  63  8  65.8 

i  86  12  77,2 

126  19  88.3 
143  22  91,2 
154  24  92.8 

204  33  97.0 
1 226  37  98.0 
1253  42  98.8 
1275  46  99.2 
291  49  99.4 

1334  57  99.7 
361  62  99.8 
377  65  99.9 
1395  68  99.9 
425  74  100.0 

457  W  100.0 


86 
I  109 
1154 
i  195 
j  226 

t 

1318 
!36i 
i  409 

I  457 

1  489 


14,‘D0 
c  loop 

0  19.0 

I  1  26.0 

I  1  26i0 

I  4  37.0 

•  12  57.1 
16  64.5 
24  75.7 

31  82.5 

37  86,8 

54  94.4 

62  96.2 

71  97.6 
80  98.5 
86  98.9 
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Slngjie  SangjUng  Ifebles  for  UTPD  ■  0*5  per  cent  and  y 


lOOpj^ 

0 

.05 

,  0 

MO 

( 

3,15 

/ 

3.20 

( 

D.25 

N 

!  ^ 

c 

loop 

i  n 

c 

loop 

t  n 

\ 

1 

c 

IXP 

I 

i  n 

c 

10CP 

n 

c 

loop 

300 

\  All 

•• 

m 

.  All 

an 

'  All 

!  All 

• 

All 

• 

500 

!  46ot 

0 

79.4 

460t 

0 

63.1 

:  460t 

0 

50.1 

1  460t 

0 

39.8 

1  460t 

0 

31.6 

700 

:  46ot 

0 

79.i^ 

46ot 

0 

63.1 

i  46ot 

0 

50.1 

!  460t 

0 

39.8  ! 

460t 

0 

31.6 

1000 

:  777 

( 

1 

9^U2 

:  777 

1 

81 .7 

i  777t 

1 

67.5 

i  777t 

\ 

1 

5^.0  1 

1  777t 

1 

42.1 

2000 

i  777 

1 

9^.2 

i  1335 

3 

95.3 

:  1597 

4 

90.5 

1 1853 

5 

82.9  ! 

il853t 

5 

68.0 

3000 

1  1063 

2 

98.3 

i  1335 

3 

95.3 

’  1853 

5 

93.7 

*2352 

t 

89.6 ; 

i2a39 

9 

82,1 

3000 

^  1063 

2 

98o3 

^  1597 

4 

97.7 

2105 

6 

95.8 

I2839 

9 

93.7  ! 

'555^ 

12 

83,4 

7000 

i  1355 

5 

99.5 

i  1853 

5 

98.8 

:2352 

7 

97.2 

13317 

11 

96.2 

4256 

15 

92.6 

10000 

;  1355 

3 

99.5 

.  1853 

5 

98.8 

1 2839 

9 

98.8 

13789 

1 

13 

97.7 

4948 

18 

95.2 

20000 

■  1597 

4 

99.9 

:2352 

7 

99.7 

10 

99.2 

\kk8Q 

16 

98.9 

6313 

24 

98.1 

50000 

;  1597 

4 

99.9 

12352 

7 

99.7 

355^ 

12 

99.7 

14948 

18 

99.^+ 

16988 

27 

98.8 

5000c 

:  1597 

4 

99.9 

,2597 

8 

99.9 

13789 

13 

99.8 

j5^06 

20 

99.6  1 

7882 

31 

99.3 

70000 

'  1853 

5 

100.0 

2839 

9 

99.9 

;  4023 

l4 

99.9 

j565i^ 

21 

99.7  ! 

8327 

33 

99.5 

100000 

h853 

5 

100.0 

i  2839 

9 

99.9 

,  4256 

15 

99.9 

16087 

23 

99.8  j 

8992 

36 

99.7 

200000 

2105 

6 

100.0 

3crj9 

10 

100,0 

4488 

16 

99.9 

*6764 

26 

99.9  10094 

4l 

99.9 

Single  SaCi^-Iing  Tables  for  LTPD  «  1.0  per  cent  and  7-5 


lOOPj 

0 

.10 

i 

0,20 

,  1 

0.30 

1  0.40 

i  0.50 

N 

'  n 

c 

loop 

i  ^ 

c 

loop 

1 

i  n 

I 

c 

loop 

"  7 

n 

c 

loop 

1 - 

i  ^ 

c 

loop 

200 

All 

«« 

1  All 

All 

«• 

All 

•• 

All 

.• 

. 

300 

1  230t 

0 

79.4 

!  230t 

0 

65.1 

230t 

0 

50,1 

230t 

0 

39.8 

j  230t 

0 

31.6 

500 

;  586 

1 

94.2 

1  388 

1 

81 .7 

388t 

1 

67.6 

388t 

1 

54.0 

!  388t 

1 

42.2 

700 

388 

1 

94.2 

1  531 

2 

90.8 

667 

3 

85.7  ! 

667t 

3 

72.1 

i  667t 

3 

57.2 

1000 

388 

1 

94.2 

j  667 

3 

95.4 

■  798 

4 

90.5 1 

926 

5 

85.0 

j  926t 

5 

68,1 

2000 

531 

2 

98.3 

1  798 

4 

97.7 

1051 

6 

95.8 

1  1297 

8 

91.9 

1658 

11 

86.7 

5000 

667 

3 

99.5 

926 

5 

98.8 

;  1175 

7 

97.2 

:  1538 

10 

95.1 

2010 

14 

91.4 

5000 

*  667 

3 

99.5 

926 

5 

98.8 

I4i8 

9 

98.8 

1893 

13 

97.7  1 

1  2473 

18 

95.3 

1 

7000 

667 

3 

99.5 

I  1051 

6 

99.4 

'  I4l8 

9 

98.8  1  2010 

14 

98.2  j 

2815 

21 

97.0 

i 

i 

lOOCO 

798 

4 

99.9  1 

i  1175 

7 

99.7 

:  1538 

10 

99.2  j 

2242 

16 

98.9, 

:  3155 

24 

98.1 

\ 

20000 

1  798 

4 

99.9 

1297 

8 

99.9 

!  1776 

12 

99.7  ! 

2587 

19 

99.5 

3716 

29 

99.1 

I 

30000 

:  926 

5 

100,0 

1297 

8 

99.9 

1893 

13 

99.8  1 

2815 

21 

99.7 

4050 

32 

99.4 

i 

50000 

926 

5 

100.0 

i  l4i8 

9 

99.9 

i  2127 

15 

99.9  I 

3042 

23 

99.8 

4494 

36 

99.7 

1 

7 0000 

926 

5  100.0  i 

1538 

10 

100.0 

2127 

15 

99.9 

3155 

24 

99.9, 

4715 

38 

99.8 

j 

100000 

1051 

6  100.0  j 

15J8 

10 

100.0 

!  2242 

16 

99.9! 

3380 

26 

99.9': 

5U5 

41 

99.9 

j 

200000 

1051 

6  100.0  ! 

1658 

n 

100.0 

2475 

18  ^ 

100,0 

5604 

28  100.0: 

5483 

45 

99.9 

I 


I 

I 
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Slngj^  SsjG^Jliiig  Tables  for  im)  =*  2,0  per  cent  and  j  *=5 


lOOp 


0.20 


0,i+0 


0.60 


N 

n 

c 

loop 

n 

c 

loop 

T 

n 

c 

loop 

n 

c 

loop 

'  n 

c 

loop 

100 

All 

«• 

- 

All 

- 

M 

;  AU 

- 

- 

^  All 

•« 

- 

All 

- 

M 

200  ! 

194 

1 

94.2 

194 

1 

81.8 

:  194t 

1 

67.5 

194t 

1 

54.0 

194t 

1 

42,1 

300 

194 

1 

94,2 

265 

2 

90.9 

i  265t 

2 

78.6 

^  265t 

2 

64.4 

>  265t 

2 

50.5 

500  ! 

194 

1 

94.2 

333 

3 

95.4 

'  398 

4 

90.6 

;  462 

5 

83.1 

462t 

5 

68.3 

700  i 

265 

2 

98.3 

533 

3 

95.4 

^  462 

5 

93.8 

525 

6 

86.8 

:  648t 

8 

79-5 

1000  1 

265 

2 

98.3 

398 

4 

97.7 

;  525 

6 

95.9 

,  648 

8 

92,0 

828 

11 

86.8 

2000  j 

333 

5 

99.5 

462 

5 

98.8 

648 

8 

98.2 

828 

11 

96.2 

'1120 

16 

93.7 

3000  1 

333 

3 

1 

99.5 

525 

6 

99.4 

708 

9 

98.8 

945 

13 

97.8 

■  1349 

20 

96.6 

5000  ; 

398 

4 

99.9 

587 

7 

99.7 

768 

10 

99.2 

11120 

16 

99.0 

•1576 

24 

98.1 

7000  1 

393 

4 

99.9 

587 

7 

99.7 

828 

11 

99.5 

.:1177 

17 

99.2 

:i688 

26 

98.6 

10000  1 

398 

4 

99.9  ; 

648 

8 

99.9 

887 

12 

99.7 

1292 

19 

99.5 

1856 

29 

99.1 

20000 

462 

5 

100.0  1 

708 

9 

99.9 

1004 

14 

99.9 

1463 

22 

99.8 

12134 

34 

99.6 

30000  i 

462 

5 

100.0  ; 

708 

9 

99.9 

1062 

15 

99.9 

1519 

23 

99.8 

‘2300 

37 

99.8 

50000  , 

525 

6 

100.0  ! 

768 

10 

lOO.Q 

1120 

16 

99.9 

1632 

25 

99.9 

2465 

4o 

99.8 

70000  1 

525 

6 

100,0  ; 

828 

11 

100.0 

1177 

17 

100.0 

1744 

27 

99.9 

2575 

42 

99.9 

100000  ' 

525 

6 

100.0  ; 

828 

11 

100,0 

1235 

18 

100.0 

1800 

28 

100.0 

2739 

45 

99.9 

200000 

587 

7 

100.0  ' 

887 

12 

100.0 

1292 

19 

100.0 

1968 

31 

100.0 

2958 

49 

100,0 

Single  Sampling  Tables  fo?.-  LTFD  5.0  per  cent  and  705 


lOOp^ 

0.30 

1 

0.60 

■ 

0.90 

i 

1.20 

N 

n 

c 

loop 

( 

n 

c 

loop 

!  n 

1 

c 

loop 

i  ^ 

c 

loop 

-j - 

i  ^ 

70 

All 

- 

All 

All 

s  All 

'  All 

100 

76t 

0 

79.6 

76t 

0 

63.3 

76t 

0 

50.3 

76t 

0 

40,0 

i  76t 

200 

129 

1 

94.2 

'T6 

2 

91.0 

176t 

2 

78.8 

1761 

2 

64.6 

176t 

300 

129 

1 

94.2 

176 

2 

91  ..0 

221 

3 

86.0 

265t 

4 

78.5 

■  265t 

500 

176 

2 

98,4 

221 

5 

95.5 

308 

5 

95.8 

'  390 

7 

8"|-9 

471 

700 

176 

2 

98.4 

265 

4 

97.7 

549 

6 

9b.O 

'  431 

8 

92.1 

551 

1000 

221 

3 

99.5 

308 

5 

98.9 

590 

7 

97.3 

:  511 

10 

95.3 

;  668 

2000 

221 

3 

99.5 

349 

6 

99.4 

471 

9 

98.9 

i  629 

13 

97.8 

860 

3000 

265 

4 

99.9 

349 

6 

99.4  i 

511 

10 

99.3 

i  707 

15 

98.7 

!  1012 

5000 

265 

4 

99.9 

390 

7 

99.^7  ^ 

551 

11 

99.5 

!  822 

18 

99-4 

'  1124 

7000 

265 

4 

99o9  ' 

431 

8 

99.9  , 

590 

12 

99.7 

860 

19 

99.5 

1236 

10000 

300 

5 

100.0  1 

431 

8 

99.9  , 

629 

13 

99.8 

,  898 

20 

99.6 

J  1548 

20000 

308 

5 

100.0  1 

471 

9 

99.9  i 

707 

15 

99.9 

1012 

23 

99.8 

1 

1532 

30000 

308 

5 

100,0  ; 

511 

10 

100.0  : 

746 

16 

99.9 

11087 

25 

99.9 

1605 

50000 

349 

6 

100,0  , 

551 

11 

100.0 

784 

17 

100,0 

1162 

27 

99.9 

1715 

70000 

349 

6 

100.0  . 

551 

11 

100,0  1 

822 

18 

100.0 

119^ 

28 

100.0 

1825 

100000 

349 

6 

100.0  ! 

590 

12 

100.0 

860 

19 

100,0 

1273 

30 

100,0 

1898 

200000  1 

590 

7 

100.0  ' 

629 

13 

100,0 

898 

20 

100.0 

1548 

32 

100.0 

2079 

1.50 


37 

39 

ks. 

45 


loop 


2 

4 

9 

11 

14 

19 

25 

26 
29 
32 


50.7 

63.4 

82.5 

&7.0 

91 .7 

96.1 

97.9 

98.7 

99.2 

99.5 


99.8 

99.8 

99.9 

99.9 

47  100.0 
52  100.0 
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single  Saicpllng  Tables  frr  LTPD 


k,0  per  cent  and  7*5 


lOOp^ 

0.80 

1 

.20 

1.60 

/ 

2.00 

2.40 

N 

I 

n 

c 

loop 

n 

c 

loop 

c 

100P 

n 

c 

10(X» 

n 

c 

loop 

50 

All 

All 

* 

All 

• 

All 

m 

• 

AU 

•i 

m 

70 

57t 

0 

63.3 

57t 

0 

50-3 

57t 

0 

39.9 

0 

J1.6 

57t 

0 

25.0 

100 

.  96 

1 

82.1 

96t 

1 

68,0 

96t 

1 

5^.4 

96t 

1 

42.5 

96t 

1 

32.6 

200 

132 

2 

91.0 

166 

3 

86.0 

198t 

4 

78.7 

198t 

4 

63.7 

198t 

4 

48.3 

300 

166 

3 

95.5 

198 

4 

90,8 

262 

6 

87.0 

292t 

7 

76.7 

292t 

7 

59.8 

500 

198 

k 

97.8 

262 

6 

96.0 

323 

8 

92.2 

4l3 

n 

87.1 

47lt 

13 

75.** 

700 

198 

4 

97.8 

292 

7 

97^4 

385 

10 

95.3 

471 

13 

90.5 

616 

18 

83.7 

1000 

250 

5 

98«9 

323 

8 

98.3 

413 

11 

96.4 

559 

16 

93.9 

738 

23 

89.3 

2000 

262 

6 

99.4 

383 

10 

99.3 

530 

15 

98.7 

701 

21 

97.2 

1037 

33 

95.5 

5000 

292 

7 

99-7 

413 

11 

99.5 

3&I 

17 

99.2 

8l4 

25 

98.5 

1203 

39 

97.3 

5000 

325 

8 

99.9 

442 

12 

99.7 

645 

19 

99.6 

926 

29 

99.2 

1367 

45 

98.4 

7000 

523 

8 

99.9 

471 

13 

99.8 

673 

20 

99.7 

982 

31 

99.4 

1504 

50 

99.0 

10000 

353 

9 

99.9 

501 

14 

99-9 

701 

21 

99.7 

1037 

33 

99.6 

1612 

5^ 

99.3 

20000 

383 

10 

100.0 

559 

16 

99.9 

786 

24 

99.9 

1203 

39 

99.8 

1856 

63 

99.7 

50000 

383 

10 

100,0 

5&7 

17 

100.0 

842 

26 

99.9 

1258 

4l 

99.9 

1990 

68 

99.8 

5OCOO 

1^15 

11 

100,0 

616 

18 

100.,0 

898 

28 

100.0 

1367 

^5 

99.9 

2178 

75 

99.9 

70000 

^+13 

11 

100.0 

6l6 

18 

100.0 

926 

29 

100.0 

1422 

47 

100.0 

2232 

77 

99.9 

100000 

12 

100,0 

645 

19 

100.0 

954 

30 

100.0 

1449 

48 

100.0 

2339 

81 

99.9 

200000 

U7I 

13 

100,0 

701 

21 

100.0 

1037 

33 

100,0 

1585 

53 

100.0 

2526 

88 

100.0 

Single  Sampling  Tables  for  UPD  » 

■s 

5.0  per  cent  and 

r“3 

5.00 

lOOp^ 

1 

.00  . 

1 

i.50  1 

1  2,00 

1  2.50 

1 

N 

n 

c 

loop 

n 

c 

— 

loop 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

50 

All 

■■ 

All 

All 

All 

m 

All 

• 

. 

50 

45t 

0 

63.6  i 

45t 

0 

50.7  i 

1  45t 

0 

40,3  : 

;  45t 

0 

32.0 

45t 

0 

25.4 

70 

45t 

0 

63.6  1 

45t 

0 

50.7  j 

1  45t 

0 

40.3  i 

1  45t 

0 

32.0 

45t 

0 

25.4 

100 

77 

1 

82.0  1 

77t 

1 

67.9  1 

1 

!  77t 

1 

1 

54.3 

i  77t 

1 

42,3 

77t 

1 

32.4 

200  i 

!  132 

3 

95.6 

158 

4 

90.9 ; 

184 

5 

85.5  i 

1  l84t 

5 

68.7 

I84t 

5 

52.4 

300  i 

i  132 

3 

95.6 

184 

5 

94.0 1 

f  234 

7 

90.0  i 

i  282 

9 

82.8 

202t 

9 

65.9 

500  i 

!  158 

4 

97.8  : 

209 

6 

96.0  i 

i  282 

9 

94.1  i 

!  353 

12 

09.1 

469 

17 

02.5 

700  1 

184 

5 

98.9  i 

234 

7 

97.4 

1  330 

11 

96.4 

423 

15 

93.1 

561 

21 

07.4 

1000 

184 

5 

98.9 

258 

8 

98.3 

1  353 

12 

97.5  j 

492 

18 

95.6 

673 

26 

91.9 

2000  i 

209 

6 

99.5  1 

506 

10 

99.3 

446 

16 

99.0 

626 

24 

98.3 

873 

35 

96.3 

3OCO  ; 

234 

7 

99.7  ■ 

330 

11 

^9.5 

hO} 

17 

99.5 

'  673 

26 

98.8 

1027 

42 

98.0 

5000  i 

258 

.1 

99.9  , 

;  377 

13 

99.8 

515 

19 

99.6 

785 

31 

99.4 

1100 

49 

98.9 

7000  1 

258 

8 

99.9  1 

400 

14 

99.9 

561 

21 

99.7 

;  8S9 

33 

99.6 

1267 

53 

99.2 

10000 

282 

9 

99.9 

400 

14 

99.9 

1 

583 

1 

22 

99.8  ; 

975 

35 

99.7 

1332 

56 

99.4 

20000 

306 

10 

100,0 

446 

16 

99.9 

651 

25 

99.9  1 

i  984 

40 

99.9 

15**8 

66 

99.8 

30000 

306 

10 

100.0 

469 

17 

100.0 

1  673 

26 

99.9  ' 

i  1027 

42 

99.9 

1634 

70 

99.8 

50000 

330 

11 

100.0 

1  492 

18  100,0 

1  740 

29 

100.0 

il093 

45 

99.9 

1784 

77 

99.9 

70000 

353 

12 

100.0 

515 

19  100.0 

740 

29  100.0 

,1137 

47 

100,0 

1027 

79 

99.9 

100000 

353 

12 

100.0 

538 

20 

100.0 

785 

31 

100,0 

:  1202 

50  100,0 

1091 

02 

99.9 

200000 

377 

13 

100,0 

561 

21 

100.0 

'  851 

34  100.0  1 

i  1209 

54  100.0 

.20^ 

91 

100,0 
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Single  Sanipjlng  Tables  for  LTH) 


7.0  per  cent  and  7  *=5 


loop, 


4.20 


4.90 


N 

n 

c 

loop 

7 - 

n 

c 

loop 

•  n 

•Aiwa 

c 

loop 

n 

c 

loop 

r-r 

•  AAA 

c 

loop 

50 

AU 

«M 

«. 

All 

«■ 

'  All 

A 

.• 

All 

A 

** 

All 

• 

• 

50 

32t 

0 

50,7 

32t 

0 

40.3 

32t 

0 

32.0 

32t 

0 

25.3 

32t 

0 

20.0 

70 

55t 

1 

67.8 

55t 

1 

54.2 

55t 

1 

42,2 

55t 

1 

32.2 

55t 

1 

24.2 

100 

94 

3 

86.4 

94t 

3 

73.0 

94t 

3 

58.1 

94t 

3 

44.0 

94t 

3 

31.8 

200 

131 

5 

94.1 

149 

6 

87.4 

184 

8 

80.2 

I84t 

8 

63.1 

l84t 

8 

45,0 

300 

149 

6 

96,1 

184 

8 

92,4 

235 

11 

fi7.5 

:  285t  14 

77.9 

285t  14 

57.4 

500 

166 

7 

97.5 

235 

n 

96.6 

301 

15 

93.4 

399 

21 

87.9 

496t  27 

75.2 

700 

184 

8 

98.4 

268 

13 

98.0 

334 

17 

95.1 

464 

25 

91.4 

638 

36 

85.2 

1000 

201 

9 

98,9 

285 

14 

98.4 

399 

21 

97.4 

i'  544 

30 

94.4 

779 

45 

88.6 

2000 

235 

11 

99-6 

334 

17 

99.3 

480 

26 

98.8 

■  701 

40 

97.7 

1027 

61 

94.3 

3000 

232 

12 

99.7 

367 

19 

99.6 

528 

29 

99.3 

779 

45 

98.6 

1242 

75 

97.0 

5000 

268 

13 

99.8 

399 

21 

99.8 

575 

32 

99.6 

888 

52 

99.2 

1425 

az 

98.2 

7000 

285 

l4 

99.9 

399 

21 

99.8 

607 

3*+ 

99.7 

950 

56 

99.5 

1577 

97 

98.9 

10000 

301 

15 

99.9 

448 

24 

99.9 

638 

36 

99.3 

1027 

61 

99.7 

20000 

334 

17  100.0 

480 

26 

99.9 

717 

4l 

99.9 

1150 

69 

99.6 

30000 

334 

n 

100.0 

512 

28  100.0 

748 

43 

99.9 

1196 

72 

99.9 

50000 

367 

19  100,0 

528 

29  100.0 

826 

48  100.0 

1303 

79 

99.9 

70000 

383 

20 

100.0 

560 

31 

100.0 

857 

50  100.0 

1364 

85  100,0 

100000 

1  5£5 

20 

100,0 

;  575 

32  100.0 

888 

^  100.0 

l4l0 

86  100,0 

200000 

1  4l6 

22 

100,0 

!  607 

34  100.0 

950 

56  100.0 

1 532 

94  100.0 

Single  Sanpling  Tables  for  ITPD  »  10,0  per  cent  and  7»5 


loop 

1 

5,00 

! 

+.00 

5.00 

6.00 

z.oo 

N 

r 

!  n 

c 

loop 

!  n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

30 

22t 

n 

51.2 

,  22t 

0 

40.7 

22t 

0 

32.4 

22t 

0 

25.6 

22t 

0 

20,3 

50 

33t 

1 

68.4 

38t 

1 

54,8 

38t 

1 

42.7 

38t 

1 

32.6 

38t 

1 

24.5 

70 

65 

3 

86.9 

65t 

3 

73.8 

65t 

3 

59.C  : 

65t 

3 

44,8 

65t 

? 

32.5 

100 

78 

4 

91.5 

91 

5 

84.3 

91 1 

5 

69.6 

91t 

5 

53.3 

91 1 

'5 

58.1 

200 

91 

5 

94.4 

128 

8 

92.8 

152 

10 

85.9 

199t 

14 

78.3 

199t 

14 

57.8 

300 

,  116 

7 

97.6 

152 

10 

95.7 

187 

13 

91.3 

256 

19 

66.1 

290t 

22 

70.2 

500 

128 

8 

98.5 

175 

12 

97.6 

233 

17 

95.4 

312 

24 

91.2 

446 

36 

83.7 

70c 

140 

9 

99.0 

187 

13 

98.1 

267 

20 

^.2 

379 

30 

94.8 

522 

43 

88.2 

1000 

152 

10 

99.4 

210 

15 

98.9 

301 

23 

98.3  1 

435 

35 

96.7 

609 

51 

91.8 

2000 

^  175 

12 

99.7 

256 

19 

99.6 

357 

28 

99.2  I 

522 

43 

98.4 

846 

73 

97.0 

3000 

la? 

13 

99.8 

267 

20 

99.7 

390 

31 

'99.5  ’ 

609 

51 

99.3 

953 

83 

98.1 

5000 

'  199 

14 

99.9 

290 

22 

99.8 

424 

34 

99.7  i 

674 

57 

99.6 

1070 

94 

98.9 

7000 

210 

15 

99.9 

301 

23 

99.9 

446 

36 

99.8  i 

685 

58 

99.6 

10000 

210 

15 

99.9 

312 

24 

99.9 

468 

38 

99.9  1 

728 

62 

99.7 

20000 

30000 

50000 

70000 

100000 

200000 


17  100,0 
18  100.0 
19  100.0 
20  100.0 
20  100.0 
22  100,0 


27  100.0 

29  100,0 

30  100.0 

31  100,0 
53  100.0 
35  100,0 


511 
I  5^ 
577 
!  609 
•  620 
I  674 


42  99.9 
45  100,0 
48  100.0 

51  100.0 

52  100,0 

57  100.0 


81 4 

O57 

9£1 

953 

1017 

1070 


70  99.9 
7**  99.9 
80  100.0 
85  lX.O 
89  100.0 

94  100.0 


13  - 


Single  Sanipltng  Tables  for  LTH)  «  15^0  per  cent  and  7  »5 


lOOpj^  , 

I+.50  1 

;  6.00  _ 

1 

\50 

! 

1  9.00  j 

10.50 

N 

c 

loop 

r- 

c 

loop 

I 

c 

loop  j 

1  » 

c 

loop 

r  -  -  — 

1  ^ 

c 

loop 

i 

50 

25t 

1 

68.9  i 

25t 

1 

55.3 

25t 

1 

j 

43.1  : 

1 

1  25t 

1 

52.9  i 

!  25t 

1 

24.6 

50 

i  1+5 

3 

87.3 

I  l+3t 

3 

74.3 

45t 

3 

59.5 

45t 

3 

45.1  ; 

45t 

3 

32.6 

70 

52 

1+ 

91.6 

60 

5 

65,0 

68t 

6 

75.3  ^ 

^  68t 

6 

58.6  ! 

68t 

6 

42.0 

100  1 

60 

5 

9i*.8 

68 

6 

88,7  i 

93 

9 

84.1  1 

1 

1  93t 

1 

9 

67.4 

93t 

9 

48.2 

200  I 

!  68 

6 

96.7 

100 

10 

96.2 

124 

13 

91.8 

162 

18 

85.8 

i  192t  22 

71.6 

300  i 

85 

8 

98.6 

108 

11 

97.1  ' 

154 

17 

95.9  , 

1 192 

22 

90.3 

266 

32 

82.1 

300  i 

i  100 

10 

99.5 

124 

13 

98.3 

177 

20 

97.5  : 

244 

29 

94.9 

361 

45 

90.2 

700 

100 

10 

99.5 

139 

15 

99.1 

192 

22 

98.2 

288 

35 

97.2 

397 

50 

92.3 

1000 

108 

11 

S>9.7 

154 

17 

99.5 

222 

26 

99.1 

310 

38 

97.9 

469 

60 

95.2 

2000 

;  ll6 

12 

99.8 

177 

20 

99.8 

244 

29 

99.5 

368 

46 

99.0 

619 

81 

98.2 

3000 

^  121+ 

15 

99.9 

177 

20 

99.8 

266 

32 

99.7 

397 

50 

99.3 

690 

91 

98.9 

5000 

:  139 

15 

99.9 

192 

22 

99.9 

288 

35 

99.8 

462 

59 

99.7 

7000 

139 

15 

99.9 

207 

24 

99.9 

510 

58 

99.9 

469 

60 

99.8 

10000 

; 

17 

100.0 

222 

26 

100.0 

325 

40 

99-9 

512 

66 

99.9  i 

20000 

15^ 

1? 

100.0 

229 

27 

100.0 

354 

44 

100.0 

'  56l 

73 

99.9 

50000 

162 

18  100.0 

244 

29  100.0 

568 

46  100.0 

569 

74 

99.9 

30000 

177 

20 

100.0 

259 

31 

100.0 

397 

50  100.0 

826 

82 

100.0  : 

70000 

177 

20 

100,0 

266 

32  100.0 

397 

50  100.0 

640 

84  100.0  , 

lOCOOO 

192 

22 

100.0 

28l 

54  100,0 

1  419 

55 

1  uO*  0  1 

1  676 

89  100.0 

j 

200000 

192 

22 

100,0  ! 

1  288 

35  100.0  i 

1  453 

55  100.0 

1725 

96  100.0 

i 

Single  Sampling  Tables  for  UR)  «  20.0  per  cent  and  7  -5 


lOOr^  ! 

6.00  ! 

8.00 

10,00 

12.00 

1  14,00 

N 

n 

c 

loop 

n 

c 

loop  ' 

n 

c 

loop 

n 

c 

lOOT 

1 - 

i 

c 

loop 

30 

25 

2 

81.5  , 

25t 

2 

67.7 

25t 

2 

53.7 

25t 

2 

40.9 

i  25t 

2 

30.0 

50 

38 

4 

92.5 

45 

5 

85.2 

45t 

5 

70.8 

45t 

5 

54.2 

:  45t 

5 

38.4 

70 

38 

4 

92.5 

51 

6 

89.0 

63 

8 

82.5 

69t 

9 

68.8 

•  6^ 

9 

49.5 

100  ' 

51 

6 

96.8  ^ 

63 

8 

93.7 

75 

10 

87.4 

1  9Q 

14 

80,6 

98t  l4 

60.5 

200 

71 

7 

98.0 

86 

12 

V8.1 

109 

16 

95.7 

145 

22 

91.2 

193 

31 

82.5 

300 

63 

8 

98.7 

86 

12 

98.1 

126 

19 

97.4 

i  171 

27 

94.5 

226 

37 

86.8 

500 

75 

10 

99.5 

98 

14 

98.9 

143 

22 

98.5 

'  204 

33 

97.0 

291 

49 

92.8 

700 

75 

10 

95.5 

109 

16 

99.4 

154 

24 

98.9 

226 

37 

98.0 

334 

57 

95.2 

:ooo 

86 

12 

99.8 

115 

17 

99.5 

171 

27 

99.4 

255 

42 

98.8 

393 

68 

97.2 

2000 

92 

13 

99.9 

126 

19 

99>B 

193 

31 

99.7  i 

291 

49 

99.4 

473 

85 

98.7 

5000 

98 

14 

99.9 

143 

22 

99.9 

204 

33 

99.8  518 

54 

99.6 

526 

93 

99.2 

5000 

104 

15 

100.0 

154 

24 

’79.9 

215 

35 

99.8  ; 

534 

57 

99.7 

70or 

109 

16 

100.0 

154 

24 

99.9 

226 

37 

99.9  1 

361 

62 

9y.8 

10000 

109 

16 

100.0 

160 

25  lOC.O 

257 

39 

99.9  ' 

yn 

65 

99.9 

20000 

121 

18 

100.0 

171 

27 

100.0 

264 

44 

100.0 

409 

71 

99.9 

i 

50000 

126 

19 

100.0 

182 

29  100.0 

275 

46 

100.0 

441 

77 

100.0 

50000 

126 

19 

100.0 

193 

31 

100.0  j 

291 

49  100.0  : 

457 

80  100.0 

, 

70000 

132 

20 

100,0 

193 

31 

100.0 

302 

51 

100.0 

473 

85  100.0 

i 

100000 

200000^ 

143 

-lia 

22 

-22- 

100.0 

ino.o- 

204 

-215- 

33  100.0  ; 
55  100.0  1 

318 

-154- 

54  100,0  • 

57  lOQ.Q  • 

100.0 

1 

Single  Sitiipling  Tables  with 


B(c,i 

a)  •  0. 

10,  r  ■ 

pj/pj. 

r 

0.70 

0.65 

0.60 

0.55 

0.50 

e 

■ 

M 

M 

M 

H 

M 

0 

>  2.3QI 

10.9 

10.0 

9.43 

8.99 

8.67 

1 

3.890 

14.9 

13.9 

13.3 

12.9 

12.7 

2 

5.322 

18.5 

17.5 

16.9 

16.7 

16.7 

3 

6.681 

21.9 

21.0 

20.5 

20.5 

20.9 

4 

7.994 

25.3 

24.5 

24.2 

24.5 

25.4 

5 

9.275 

28.7 

28.0 

28.0 

28.7 

30.4 

6 

10.53 

32.0 

31.5 

31.9 

33.2 

35.8 

7 

11.77 

35.3 

35.1 

35.9 

37.9 

a.  3 

8 

12.99 

38.7 

38.8 

40.1 

43.1 

48.5 

9 

14.21 

42.1 

42.5 

44.5 

48.6 

55.9 

10 

15.41 

45.6 

46.4 

49.2 

54.6 

64.3 

11 

16.60 

49.1 

50.4 

54.1 

61.0 

73.8 

12 

17.78 

52.6 

54.6 

59.3 

68.1 

84.5 

13 

18.96 

56.2 

58.8 

64.7 

75,8 

96.7 

14 

20.13 

59.9 

63.3 

70.6 

84.2 

111 

15 

21.29 

63.6 

67.9 

76.7 

93.4 

126 

16 

22.45 

67.5 

72,7 

83.3 

104 

145 

17 

23.61 

71.5 

77.8 

90.4 

115 

166 

18 

24.76 

75.4 

82.8 

97.7 

127 

190 

19 

25.90 

79.6 

88.3 

106 

141 

217 

20 

27.01 

83.9 

94,1 

114 

156 

250 

22 

29.32 

92.6 

106 

133 

191 

329 

24 

31.58 

102 

119 

155 

235 

435 

26 

33.84 

112 

134 

180 

288 

578 

28 

36.08 

122 

ISO 

210 

355 

772 

30 

38.31 

133 

168 

245 

439 

1040 

35 

43.87 

164 

221 

358 

750 

2170 

40 

49.39 

200 

290 

329 

1300 

4650  : 

45 

54.88 

243 

381 

784 

2280 

10000 

SO 

60.34 

295 

504 

1180 

4050  : 

21900 

60 

71.20 

431 

887 

2690 

13000 

70 

81.99 

632  1580 

6320  42900 

80 

92.71 

932  2880  15100 

90 

103.4  1390  5300  36400 

99 

113.0  2000  9200 

Conaiimer'f  Risk  of  10  X 
I  -  np^,  M  -  Npj,  r  •  1. 


0.45 

0.40 

0.35 

0.30 

0.25 

0.20 

M 

M 

M 

N 

M 

M 

8.47 

8.36 

8.36 

8.48 

8.75 

9.28 

12.7 

12.9 

13.3 

14.1 

15.6 

18.2 

17.1 

17.8 

19.1 

21.4 

25.5 

33.6 

21.8 

23.5 

26.4 

31.4 

41.0 

62.0 

27.2 

30.3 

35.6 

45.4 

65.7 

116 

33.3 

38.5 

47.6 

65.6 

106 

220 

40.4 

48.4 

63.5 

95.1 

173 

425 

48.5 

60.7 

84.7 

138 

286 

829 

58.1 

76.1 

113 

203 

476 

1640 

69.2 

95.2 

152 

300 

798 

3240 

82.5 

119 

205 

446 

1350 

647o 

98.3 

150 

277 

666 

2280 

13000 

117 

189 

377 

1000 

3890 

26100 

139 

238 

514 

1510 

6650 

52700 

166 

302 

703 

2280 

11400 

199 

383 

965 

3450 

19600 

238 

487 

1330 

5240 

33800 

285 

622 

1840 

7990 

58500 

342 

794 

2540 

12200 

412 

1020 

3510 

18600 

496 

1310 

4880 

28600 

722 

2160 

9450 

67400 

1060 

3590 

18400 

1560 

6000 

35900 

2300 

10100 

3420 

17000 

r 

0.15 

0.10 

0.05 

9300 

63300 

■ 

M 

M 

M 

25700  0  2.303  io.3  I2.5  19.2  } 

1  3.89Q  23.6  37.7  106  j 

2  5.322  52.8  117  639  | 

3  6.681  121  382  3900  I 

4  7.994  285  1280  24800  I 

5  9.27S  6«4  4380  159000  | 

6  10.53  1870  15100  | 

7  11.77  4100  52700  I 

8  12«99  10200  1 

9  14.21  25400 

_ 12 _ 15^41- .63900 _ I 


Single  Sampling  Tables  with  Consumers  Risk  of  10  9^ 
B(c,o)  -  0,10,  r  »  Pi/P2»  ®  “  *iP2»  **  “  J^P2»  •  5* 


p 

ffl 

2.303 

3.8:'j 

5.322 

6.681 

9.275 

10.53 

11.77 

12.99 

14.21 


0.70 

M 

6.68 

2x99 

IM 

11.8 

iLo 

llll 

18^ 


10 

15.41 

16.6 

11 

16.60 

17.6 

12 

17.78 

12x0 

13 

18,96 

20.1 

14 

20.13 

zia 

15 

21.29 

16 

22.45 

ax6 

17 

23.61 

18 

24.76 

22*2 

19 

25.90 

20 

27.05 

22 

29.32 

20*^ 

24 

31.58 

26 

33.84 

22x0 

20 

36.00 

2ia 

30 

38.32 

iM 

35 

43.87 

46.2 

40 

49.39 

58.2 

45 

54.88 

71.4 

50 

60,34 

86,4 

60 

71.20 

123 

70 

81.99 

172 

80 

92.71 

241 

90 

103.4 

341 

99 

113.0 

472 

0,65 

M 

102 

6.68 

209 

iOI 

10^ 

11.8 
ao 
ao 
iiii 
16,6 

17.8 
12*0 
20.1 

ihl 

12a 

23.6 

2^ 

00 

0x0 

0x1 

ioa 

34.0 

38.8 
44.0 

49.4 

64.8 

83.3 

106 

135 

221 

369 

636 

1130 

1930 


0.60 

M 

i*82 

lai 

6.68 

Ixii 

10.5 

11.6 

Mxl 

12x1 

16.6 

12*8 

12x0 

10*1 

iia 

2ia 

21x6 

26.0 

28.5 
31.0 

33.7 

39.5 

45.8 

52.7 

60.5 
69.3 

96.7 
135 
191 
274 
586 
1320 
3080 
7360 

16300 


0.55 

M 

1*^ 

Ixil 

6.68 

1*12 

1*22 

10*1 

11*1 

11*0 

11*2 

15.4 

16.6 

17.8 

19.7 

22.2 

24.9 

27.8 

30.8 
34.0 

37.4 

41.1 

45.1 

54.1 

64.6 

77.2 

92.5 
111 
178 
293 
493 
851 

2660 

6640 

28800 


0.50 

0.45 

0.40 

M 

M 

M 

2x32 

2x22 

2x22 

2x22 

2x2£ 

2*21 

6.68 

6.68 

6.68 

1*22 

1*22 

1*22 

2x^ 

9.27 

2x11 

10*2 

11.5 

11.8 

11*8 

14.6 

12*0 

14.4 

18.1 

11*2 

17.4 

22.2 

16.4 

20.7 

27.0 

19.1 

24.3 

32.9 

22.0 

28.5 

40.0 

25.2 

33.2 

48,7 

28.6 

38.7 

59.6 

! 

32.4 

45.1 

73.3 

f- 

36.5 

52.5 

90.4 

i; 

41.1 

61,3 

112 

46.3 

?1.7 

140 

1 

52.0 

84.0 

175 

58.5 

98.9 

221 

1 

1 

65.9 

117 

280 

83.7 
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452 

107 

233 
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4- 

137 

334 
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178 
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1 

232 
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3.890 

2 

5.322 

6,66 

3 

6.681‘ 

4 

7.994 

10.3 

5 

9.27j 

14.3 

6 
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8 
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9 
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10 
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11 
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13 
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14 

20.13 
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21.29 
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24 
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M 

M 
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Ml 

Ix^ 
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41.7 
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35.2 

65.2 

174 

49.2 

104 

337 

69.5 

170 

659 

99.7 

200 

1310 

145 

469 

2610 

212 

791 

5230 

314 

1340 
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470 
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3750 
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M 

M 
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24.0 

14.1 

27.3 

130 

28.8 

81.4 

786 

62.6 
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8I9OO 

-  17 


AQL  single  sampling  tables  with  producer's  risk  of  5  7, 
and  minimum  average  costs. 


The  tables  on  pp. 19  -  28  are  based  on  a  binomial  producer's  risk  of  5  ",  Q(Pj)  “  0.05, 
and  a  binomial  consumer's  risk,  P(p^) ,  The  sampling  plans  given  minimize  the  average 
costs  n  +  (N  -  n)7P(p2). 

The  same  plans  minimize  the  average  costs  R  =  n  +  (N  -  n)(7j^Q(Pj^)  + 

Q(Pj)  *  0.05  since  R  =  (1  -  0.057^8^  +  0.057j^N  with  7  =  72/(1  -  0.057^^)  . 

The  condition  QCp^  "  0.05  has  been  fulfilled  as  nearly  as  possible  in  the  way  that  n 
has  been  determined  as  the  largest  integer  satisfying  B(c,n, p.)  5  0.95. 

The  tables  give  n,c  and  1(X)P(P2)  as  functions  of  N  for  7  ®  0.2  and  1.0,  and  for 
the  following  50  combinations  of  lOOp^  and  IOOP2: 


lOOp^ 

!  100P2 

. . . . 

0.1 

0.2 

0.3 

0.4 

0.6 

1.0 

0.2 

0.4 

0.6 

0.8 

1.2 

2.0 

0.5 

1.0 

1.5 

2.0 

3.0 

5.0 

1.0 

2.0 

2.5 

3.0 

4.0 

6.0 

2.0 

1 

4.0 

5.0 

6.0 

8.0 

12.0 

3.0 

5.0 

6.0 

7.5 

9.0 

12.0 

4.0 

6.0 

7.0 

8.0 

10.0 

12.0 

5.0 

7.5 

8.5 

10.0 

12.5 

15.0 

7.0 

10.5 

12.0 

14.0 

17.5 

21.0 

10.0 

15.0 

17.0 

20.0 

25.0 

30.0 

Methods  of  interpolation  have  been  discussed  in  section  6, 

The  tables  may  be  used  for  7  ^  0.2  and  7  f  1>0  In  the  following  way;  For  7  S  0.6 
#  # 

compute  N  N7/O.2  and  use  Che  plan  for  N  and  7  "  0.2.  For  0.6  <  7  <  2  compute 
*  * 

N  N7  and  use  the  plan  for  N  and  7  «•  1. 
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For  7  <  1  it  may  happen  that  acceptance  without  inspection  is  cheaper  than  sampling 
inspection  for  small  lots.  In  such  cases  the  letter  a  has  been  added  after  the  sample 
size . 

The  tables  on  pp.  29  •  30  are  based  on  the  same  assumptions  with  the  only  modification 
that  the  consumer's  «sd  the  producer's  risks  have  been  computed  from  Poisson 
probabilities.  The  functions  m  -  np^  and  M  »  Npj^  have  been  tabulated  for  M  <  50,000 
with  c  and  r  =  arguments  for  c  $  99  and  r  ■  1.50,  1.60,  1.80,  2.00,  2.25,  2.50, 

2.75,  3.0,  3.5,  4.0,  5.0,  6.5,  10.0,  and  for  y  »  0.2  and  1.0.  The  optimum  plan  is 
(c,m)  for  M(c-l)  <  M  <  M(c) . 

*  * 

For  7  §  0.6  use  M  «  M7/O.2  and  the  table  for  7  ■  0.2,  For  0,6  <  7  <  2  use  M  =  M7 

and  the  table  for  7*1. 

Underlining  of  M  in  the  table  for  7  «  0.2  means  that  acceptance  without  inspection 
is  cheaper  than  sampling  inspection. 

An  approximation  to  the  "binomial  solution"  may  be  obtained  by  using  c  from  the 
Poisson  table  and  correcting  the  corresponding  n  to  n^  •  n  +  (c  -  npj^)/2. 
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0,2  per  cent  and  7  •  *2 
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1.0  per  cent  and  7  « 
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I 


K 

;l 


.'i 

■■t 


I 


4 

L.l 


lopp^  I  12.00  I  10.00  j  8.00  I  7.00  I  6.00 


^  1 

n 

c 

loop 

n 

c 

loop 

: 

c 

luOP 

n 

c 

loop  n 

c 

loop 

50 

9 

1 

70.5 

9 

1 

77.5 

9 

1 

84.2 

9 

1 

87.5  9 

1 

90,2 

50 

21 

2 

53.0 

21 

2 

64.8 

21 

2. 

76.6 

9 

1 

87.3  9 

1 

90.2 

70 

21 

2 

53.0 

21 

2 

64.8 

21 

2 

76.6 

21 

2 

82.1  21 

2 

87.2 

100 

. 

3^ 

3 

M}.5 

54 

3 

55.4 

54 

3 

71.2 

21 

2 

82.1  21 

2 

87.2 

200 

50 

k 

26.8 

66 

5 

34.5 

85 

6 

50.0 

83 

6 

63.8  66 

5 

79.6 

500 

85 

6 

11.7 

101 

7 

19.7 

101 

7 

43.6 

119 

8 

54.5  101 

7 

74.0 

500 

101 

7 

7.1 

119 

8 

14.8 

156 

10 

28.9 

175 

11 

42.8  175 

11 

64.1 

700 

101 

7 

7.1 

137 

9 

11.2 

194 

12 

21.6 

233 

14 

33.2  1  273 

16 

52.7 

1000 

119 

8 

4.4 

175 

11 

5.9 

253 

15 

13.4 

293 

17 

25.1  1  375 

21 

42.6 

2000 

156 

10 

1,6 

213 

13 

3.1 

334 

19 

6.8 

458 

25 

11.2  1  629 

33 

24.2 

5000 

156 

10 

1.6 

233 

14 

2.2 

396 

22 

3.9 

5i<5 

29 

7-2  805 

4l 

16.0 

5000 

175 

n 

0.9 

273 

16 

1.1 

458 

25 

2.3 

629 

33 

4.6  1023 

51 

9.4 

7000 

19^ 

12 

0.5 

293 

17 

0.7 

501 

27 

1.5 

694 

36 

3.2  1157 

57 

6.7 

10000 

215 

13 

0.3 

313 

18 

0.5 

522 

28 

1.3 

781 

4o 

2.0  1314 

64 

4.5 

20000  I 

233 

14 

0.2 

354 

20 

0.2 

629 

33 

0.5 

912 

46 

1.0  1608 

77 

2.0 

50000  ! 

253 

15 

0.1 

375 

21 

0.2 

672 

35 

0.5 

1001 

50 

0,6  1790 

85 

1.3 

50000 

273 

16 

0.1 

396 

22 

0.1 

715 

37 

0.2 

109fJ 

54 

0.3  1973 

93 

0.8 

70000 

273 

16 

0.1 

4l6 

23 

0.1 

759 

39 

0.1 

1157 

57 

0.2  2088 

98 

0.5 

100000 

293 

17 

0.0 

437 

24 

0.1 

781 

40 

0.1 

1224 

60 

0.2 

200000 

313 

18 

0.0 

479 

26 

0.0 

866 

44 

0.0 

1514 

64 

0.1 

S:t  *rr\e  Sanipllng  Dables  for  A<$. 


7*0  per  cent  and  y  H 


loop-  I  21.00  17.50  j  1’^  'VI  I  12.00  I  10.50 


N 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

n 

c 

10QP 

n 

c 

lOUr  \ 

30 

12 

2 

^.3 

12 

2 

64.8 

12 

2 

77.0 

12 

2 

83.3 

5 

1 

91.1 

50 

20 

3 

36.9 

20 

3 

52.6 

20 

3 

69.6 

20 

3 

78.7 

12 

2 

87.6 

70 

20 

3 

36.9 

29 

4 

40.9 

29 

4 

61 .7 

29 

4 

73.6 

20 

3 

84.9 

100 

29 

4 

24.1 

29 

4 

40.9 

38 

5 

55.6 

29 

4 

73.6 

29 

4 

81.7 

200 

48 

6 

9.7 

58 

7 

18.1 

79 

9 

31.7 

79 

9 

52.0 

79 

9 

60.5 

300 

58 

7 

5.9 

68 

8 

13.7 

90 

10 

26.9 

112 

12 

40,6 

112 

12 

60.5  1 

500 

60 

8 

3.6 

90 

10 

6.7 

123 

13 

16.7 

1?? 

16 

29.0 

192 

19 

45.0 

700 

60 

8 

3.6 

101 

11 

4.7 

157 

16 

10.0 

204 

20 

19.7 

251 

24 

36.0 

1000 

79 

9 

2.0 

112 

12 

3.3 

180 

18 

7.0 

251 

24 

13.6 

312 

29 

27.9 

2000 

90 

10 

1.1 

134 

14 

1.7 

227 

22 

3.3 

349 

32 

5.7 

511 

45 

11.3  i 

300C 

101 

11 

0.6 

145 

15 

1.2 

251 

24 

2.2 

386 

35 

4.1 

5»r 

51 

8.4  1 

5000 

112 

12 

0.3 

157 

16 

0.8 

300 

28 

1.0 

448 

40 

2.4 

702 

60 

4.9  1 

7000 

112 

12 

0.3 

180 

18 

0,3 

300 

28 

1.0 

498 

44 

1.5 

792 

67 

3.2 

10000 

123 

13 

0.2 

192 

19 

0.2 

524 

30 

0.6 

536 

47 

1.0 

i  869 

73 

2.2  j 

20000 

13** 

14 

0.1 

204 

20 

0.1 

361 

33 

0.3 

612 

53 

0.5 

1026 

85 

1.0  J 

30000 

i45 

15 

0.1 

215 

21 

0.1 

386 

35 

0.2 

658 

55 

0.4 

1104 

91 

0.7  ^ 

50000 

157 

l6 

0.0 

22? 

22 

0.1 

423 

38 

0.1 

702 

60 

0.2 

1196 

98 

0.4  1 

70000 

i?r 

16 

0,0 

239 

23 

0,0 

448 

4o 

0,1 

740 

63 

0.1 

\ 

100000 

168 

17 

0,0 

251 

24 

0,0 

473 

42 

0.0 

779 

66 

0.1 

1 

200000 

100 

18 

0.0 

275 

26 

0,0 

511 

45 

0.0 

843 

71 

0.1 

Single  Saispllng  llables  for  AQIL  ■■  10.0  per  cent  and  7  *1 


lOPf^ 

30.00 

25.00 

<5 

0,00 

17.00 

15.00 

N 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

n 

loop 

n 

c 

loop 

30 

l4 

3 

35.5 

14 

3 

52.1 

14 

3 

69.8 

14 

3 

79.6 

14 

3 

85.3 

50 

14 

3 

35.5 

CO 

4 

41.5 

20 

4 

65.0 

l4 

3 

79.6 

14 

3 

85.3 

70 

20 

4 

23.8 

27 

5 

29.9 

27 

5 

53.9 

27 

5 

69.5 

27 

5 

79.0 

100 

27 

5 

13.6 

54 

6 

21.8 

34 

6 

46.6 

34 

6 

64.6 

34 

6 

75.9 

200 

34 

6 

7.9 

48 

8 

11.9 

56 

9 

29.3 

79 

12 

40.2 

79 

12 

59.5 

300 

4l 

7 

4.6 

56 

9 

7.8 

79 

12 

17.8 

119 

17 

25.8 

119 

17 

47.6 

300 

48 

8 

2.7 

71 

11 

3.8 

no 

16 

9.1 

152 

21 

17.5 

177 

24 

34.1 

700 

56 

9 

1.3 

79 

12 

2.5 

119 

17 

7.0 

177 

24 

13.0 

228 

30 

25.0 

1000 

56 

9 

1.3 

79 

12 

2.5 

135 

19 

**.9 

211 

28 

8.5 

289 

37 

16.8 

2000 

63 

10 

0,0 

102 

15 

0.8 

177 

24 

1.7 

254 

33 

4.9 

377 

47 

9.4 

3000 

71 

11 

0.4 

no 

16 

0,6 

194 

26 

1.1 

269 

37 

3.1 

466 

57 

5.1 

5000 

79 

12 

0.2 

119 

17 

0.3 

211 

28 

0.7 

350 

44 

1.4 

538 

65 

3.1 

7000 

79 

12 

0.2 

119 

17 

0,3 

228 

30 

0.5 

368 

46 

1.1 

583 

70 

2.2 

10000 

86 

13 

0.1 

127 

10 

0.2 

228 

50 

0.5 

377 

47 

0.9 

00 

76 

1.5 

20000 

9** 

14 

0.1 

143 

20 

0.1 

2^ 

33 

0.2 

448 

55 

0.4 

757 

89 

0.6 

50000 

102 

15 

0.0 

152 

21 

0.1 

2^ 

36 

0.1 

475 

58 

0.2 

812 

95 

0.4 

50000 

102 

15 

0.0 

160 

22 

0.0 

269 

37 

0.1 

511 

62 

0,1 

849 

99 

0.3 

70000 

110 

16 

0.0 

168 

23 

0.0 

315 

4o 

0,0 

538 

65 

0.1 

100000 

no 

16 

0.0 

177 

24 

0,0 

324 

4i 

0.0 

965 

68 

0.1 

200000 

119 

17 

0.0 

185 

25 

0,0 

350 

44 

0.0 

629 

75 

0.0 

i 


r 
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Single  : 

Sampling  Tables 

with 

Producer 

'3  Risk  of  59^' 

1 

B(c,m)  ® 

'0.95, 

r  "  P2/P, 

m  • 

»np^,  M 

“Np^, 

Y  *  O.J 

5 

r 

1.50 

1.60 

1.00 

2,00 

2.25 

2.50 

2.75 

3.0 

3.5 

4.0 

5.0 

c 

m 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

0 

0.0513 

47.8 

38.3 

27.0 

20.5 

15.6 

12.6 

10.5 

9.01 

7.08 

5.90 

4.59 

1 

0.3554 

74.2 

58.4 

39.9 

29.9 

22.6 

18.3 

15.5 

13.6 

11.3 

10.  1 

9.40 

2 

0.8177 

89.5 

69.8 

47.5 

35.8 

27.6 

23.0 

20.2 

18.6 

17.1 

17.3 

20.8 

3 

1.366 

101 

78.6 

53.7 

41.1 

32.8 

28.5 

26.4 

25.6 

26.9 

31.2 

52.4 

4 

1.970 

109 

85. 1 

59.0 

46.3 

38.6 

35.3 

34.7 

35.9 

43-6 

59.9 

148 

5 

2.613 

116 

91.0 

64. 3 

52. 1 

45.5 

44.1 

46 . 2 

51.4 

73.5 

122 

465 

6 

3.285 

123 

96.8 

70. 1 

58.6 

54.0 

55.6 

62.5 

75.3 

129 

263 

1590 

7 

3.981 

129 

103 

76.2 

66.1 

64.4 

70.9 

85.8 

112 

234 

595 

5810 

0 

4.695 

134 

108 

02.6 

74.5 

76.9 

90.9 

119 

171 

430 

1400 

22500 

9 

5.425 

141 

114 

90.0 

84.5 

92.8 

118 

169 

266 

844 

3410 

91800 

10 

6.169 

146 

120 

98.0 

96.0 

112 

154 

241 

421 

1670 

8590 

11 

6.924 

152 

126 

107 

109 

137 

204 

350 

677 

3360 

22200 

12 

7.690 

158 

133 

116 

125 

167 

271 

514 

1110 

6920 

58700 

13 

8.464 

164 

140 

127 

143 

206 

365 

762 

1830 

14500 

14 

9.246 

171 

140 

139 

164 

255 

494 

1140 

3060 

30900 

15 

10.04 

178 

156 

153 

189 

318 

674 

1730 

5100 

66600 

16 

10.03 

104 

164 

167 

218 

397 

925 

2640 

8860 

17 

11.63 

192 

174 

184 

253 

499 

1280 

4070 

15300 

18 

12.44 

199 

184 

203 

293 

630 

1700 

6300 

26600 

19 

13.25 

207 

194 

223 

341 

797 

2490 

9840 

46700 

20 

14.07 

216 

205 

247 

398 

1020 

3510 

15500 

82700 

22 

15.72 

233 

230 

301 

546 

1660 

7050 

38800 

24 

17.38 

253 

258 

370 

757 

2760 

14400 

26 

19.06 

274 

290 

458 

1060 

4650 

30000 

28 

20.75 

298 

327 

569 

1490 

7930 

63100 

30 

22.44 

324 

369 

710 

2120 

13600 

r 

6.5 

10.0 

35 

26.73 

401 

505 

1260 

5260 

55100 

c 

m 

M 

n 

40 

31.07 

501 

701 

2300 

13500 

0  0. 

0513 

3.72 

3.22 

45 

35.44 

631 

984 

4310 

36000 

1  0. 

3554 

10.3 

19.9 

50 

39.85 

798 

1400 

8210 

2  0. 

8177 

36.  1 

242 

60 

48.75 

1310 

2910 

31400 

3  1. 

366 

162 

5040 

70 

57.73 

2200 

6300 

4  1. 

970 

090 

153000 

60 

66.79 

3780 

14100 

5  2. 

613 

5730 

90 

75.90 

6610 

32300 

6  3. 

285 

41600 

99 

64. 14 

11100 

7  3. 

981 

336000 
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Single  Sampling  Tables  with  Producer's  Risk  of 


i 

B(c,rB 

)  =0.95 

,  r  =  p 

2/Pr 

m^np^, 

M  =  Np 

1’  " 

=  1. 

r 

1.50 

1.60 

1.80 

2.00 

2.25 

2.50 

2.75 

3.0 

3.5 

4.0 

5.0 

c 

m 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M  1 

0 

0.0513 

1.22 

1.09 

0.932 

0.837 

0.762 

0.713 

0.679 

0.655  0.622 

0.602 

s 

0.503  I 

1  ^ 

0.3554 

2.62 

2.38 

2. 10 

1.93 

1.81 

1.74 

1.70 

1.68 

1.67 

1.70 

1.62  ! 

I  2 

0.8177 

4.06 

3.76 

3.39 

3.20 

3.08 

3.04 

3.04 

3.09 

3.26 

3.54 

4.52  1 

1  ^ 

1 . 366 

5.60 

5.23 

4.83 

4.64 

4.58 

4.63 

4.77 

4.99 

5.69 

6.82 

11.3  j 

i  4 

t 

1.970 

7.14 

6.74 

6.34 

6.21 

6.28 

6.54 

6.97 

7.59 

9.56 

13.1 

31.0  I 
1 

i 

j  5 

2.613 

8.73 

8.33 

7.97 

7.96 

8.26 

8.88 

9.85 

11.3 

16. 1 

26.  1 

94.9 

1  6 

3.285 

10.4 

9.98 

9.71 

9.88 

10.6 

11.8 

13.7 

16.6 

27.7 

54.8 

320 

'  7 

3.981 

12.  1 

11.7 

11.6 

12.0 

13.3 

15.4 

19.0 

24. 6 

49.3 

122 

1170 

8 

4.695 

13.8 

13.4 

13.5 

14.4 

16.4 

20.  1 

26.3 

37.0 

90.7 

283 

4510  1 

9 

5.425 

15.6 

15.3 

15.7 

17.0 

20.2 

26. 1 

36.8 

56.6 

173 

687 

18400  ! 

10 

6. 169 

17.4 

17.2 

18.0 

20.0 

24.8 

34.0 

51.9 

88.2 

338 

1720 

70000  j 

11 

6.924 

19.2 

19.2 

20.4 

23.3 

30.3 

44.5 

74.3 

140 

677 

4440 

12 

7.600 

21.2 

21.3 

23.  1 

27.  1 

37.1 

58.7 

108 

226 

1390 

11800 

i 

13 

8. 464 

23.  1 

23.5 

25.9 

31.4 

45.5 

78.0 

158 

372 

2910 

31000 

i 

9.246 

25.2 

25.7 

29.  1 

36.3 

56.0 

105 

235 

619 

6100 

07700 

! 

,  19 

10.04 

27.3 

28.  1 

32.4 

42.0 

69.2 

141 

353 

1040 

13300 

( 

j 

i  16 

10.83 

29.4 

30.5 

36.  i 

48.  4 

85.6 

192 

535 

1780 

29100 

\ 

! 

11.63 

31.6 

33.1 

40.2 

56.0 

107 

264 

021 

3070 

64500 

1 

i 

I 

12.44 

33.9 

35.8 

44.6 

64.9 

134 

365 

1270 

5340 

i 

1  19 

13.25 

36.2 

38.6 

49.4 

75.1 

168 

5O8 

1980 

9360 

- 

1  20 

14.07 

38.7 

41.7 

54.8 

87.3 

212 

712 

3100 

165UO 

1  22 

15.72 

43.8 

48.0 

67. 1 

118 

343 

1420 

7780 

52000 

j  24 

17.38 

49.2 

55.1 

82.4 

162 

564 

2900 

19900 

i  26 

19.06 

55.1 

63.1 

101 

223 

944 

6010 

52100 

1  28 

20.75 

61.3 

71.9 

125 

312 

1600 

12600 

t  30 

22.44 

68. 1 

81. 9 

155 

436 

2740 

27000 

r 

6.5 

10.0 

1  35 

26.73 

87.4 

113 

269 

1070 

11000 

c 

m 

M 

M 

!  40 

31.07 

111 

156 

401 

2730 

46700 

0 

0.0, u 

0.579 

0.617 

1  45 

35.44 

141 

216 

085 

7220 

1 

0.3554 

2. 10 

4.22 

i  50 

39.85 

178 

302 

1670 

19700 

2 

0.0177 

7.74 

49.1 

60 

48.75 

280 

613 

6320 

3 

1.366 

33.4 

1010 

70 

57.73 

473 

1300 

25500 

4 

1.970 

179 

3O6OO 

1  00 

66.79 

796 

2060 

5 

2.613 

1150  1230000 

90 

75.90 

1370 

6510 

6 

3.205 

8360 

99 

04. 14 

2200 

14000 

7 

3.981 

67300 

+ 


iinr  mnimiiiin Ill  ini|ii|i  iiiw|||||fflM>iiipji|i||i|iiMiiii  iii.i  iiniii — r  r~-  n  -v - 1 — ^ — r — ~""‘i 


I 


31 

IQL  single  sampling  tables  with  tninimum  average  costs. 


The  tables  on  pp.  33  -  37  are  based  on  a  binomial  risk  of  50  Z  for  lots  of 
quality  p^,  i.e,  r(p^)  »  0.50,  and  a  binomial  producer's  risk,  Q(Pj)  »  1  -  P(Pj). 
The  sampling  plans  given  minimiae  the  average  costs  »  n  +  (N  -  n)7Q(pj^). 


The  same  plans  will  with  good  approximation  minimize  the  average  costs 
R  ■  n  +  (N  -  n)(7jQ(pj^)  +  where  7 

**1  P2‘*l 

"o  ■ 


7i  +  72 


The  condition  P(P^)  *  0.50  has  been  fulfilled  as  nearly  as  possible  in  the  way 
that  n  has  been  determined  as  the  integer  for  which  B(c,n,p^)  is  nearest  to  0.50. 


The  tables  give  n,c,  and  100  P(p^)  as  functions  of  N  for  7*1  and  for  the 
following  AS  combinations  of  100  p^  and  100  p^^  (100  P2  has  been  added  in  parenthesis 
after  100  p^^): 


loop. 

lOOp^dOOpj) 

0.5 

0.1 

(l.«) 

0.15 

(1.18) 

0.2 

(l.Ol) 

0.25 

(0.877) 

0.3 

(0. 773) 

1 

0.2 

(2.8A) 

0.3 

(2.35) 

O.A 

(2.01) 

0.5 

(1.75) 

0.6 

(1.55) 

2 

O.A 

(5.63) 

0.6 

(A. 68) 

0.8 

(4.01) 

1.0 

(3.50) 

1.2 

(3.09) 

3 

0.6 

(8.39) 

0.9 

(6.99) 

1.2 

(6.00) 

1.5 

(5.2A) 

1.8 

(A. 62) 

A 

1.2 

(9.27) 

1.6 

(7.97) 

2.0 

(6.96) 

2.A 

(6.16) 

2.8 

(5.A9) 

5 

1.5 

(11.5) 

2.0 

(9.92) 

2.5 

(8.69) 

3.0 

(7.69) 

3.5 

(6.85) 

7 

2.8 

<13.8) 

3.5 

(12.1) 

A.2 

(10.7) 

A.  9 

(9.58) 

5.6 

(8.60) 

10 

A.O 

(19.5) 

5.0 

(17,2) 

6.0 

(15.3) 

7.0 

(13.7) 

8.0 

(12.3) 

15 

6.0 

(28.7) 

7.5 

(25.A) 

9.0 

(22.7) 

10.5 

(20.A) 

12.0 

(18.A) 

Methods  of  interpolation  have  been  discussed  in  section  f. 

« 

The  tables  aay  be  used  for  7 <10  by  computing  N  «  Ny  and  finding  the  plan 
« 

for  N  and  7  ■ 
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The  tables  on  pp.  38  •  39  are  based  on  the  same  assumptions  with  tne  only 
modification  that  the  risks  have  benn  computed  from  Poisson  probabilities. 
The  functions  m  ■  np  and  M  •  Np  have  been  tabulated  for  M  <  50.000  with  c 
and  r  ■  P^/Pq  ^  arguments  for  c  S  99  and  r  ■  0.10,  0.15,..., 0.80,  and  for 
7“  1.  The  optimum  plan  is  (c,m)  for  M(c-l)  <  M<  M(c). 

« 

For  7  < 10  use  M  ■  M7  and  the  table  for  7  “  1. 

An  approximation  to  the  "binomial  solution"  may  be  obtained  by  using  c  from 
the  Poisson  table  and  correcting  the  corresponding  n  to  n^  *  n  >  1/3  or  by 
ccmiputing  n^  directly  as  n^  ■  (c  +(2  -  Pq)/^)/Po* 

An  auxiliary  table  of  p^  as  function  of  p^^  and  r  ■  P2/PX  been  given  on 
pp,  40  -  41. 
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</ 
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0,5  per  cent  and  7  -1 
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Single  Setnpltng  Tables  for  IQL  » 


lOOp^  ,  0,10  I  0,15  0,20  i  0,25  I  0,30 


IT 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

ICO 

All 

- 

All 

- 

- 

All 

- 

- 

All 

- 

All 

- 

- 

200 

;  138 

0 

87.1 

138 

0 

81.3 

138 

0 

75.9 

138 

0 

70.8 

138 

0 

66.1 

300 

■  138 

0 

87.1 

138 

0 

81.3 

138 

0 

75.9 

138 

0 

70.8 

138 

0 

66.1 

500 

:  138 

0 

87.1 

138 

0 

81.3 

138 

0 

75.9 

138 

0 

70.8 

138 

0 

66.1 

700 

!  138 

0 

87.1 

138 

0 

81.5 

,  138 

0 

75.9 

138 

0 

70.8 

138 

0 

66,1 

1000 

138 

0 

87.1 

138 

0 

81.3 

'  138 

0 

75.9 

138 

0 

70.8 

138 

0 

66.1 

2000 

138 

0 

87.1 

335 

1 

90.9 

!  335 

1 

85.5 

335 

1 

79.5 

138 

0 

66.1 

3000 

;  335 

1 

95.5 

335 

1 

90.9 

^  335 

1 

85.5 

335 

1 

79.5 

335 

1 

73.4 

5000 

335 

1 

95.5 

534 

2 

95.3 

534 

2 

90.7 

534 

2 

84.9 

534 

2 

78.3 

7000 

'  335 

1 

95.5 

534 

2 

95.3 

734 

3 

93.8 

734 

3 

88,6 

934 

4 

94.8 

10000 

;  534 

2 

98.3 

734 

3 

97.4 

734 

3 

93.8 

934 

4 

91.2 

1134 

5 

87.1 

20000 

!  734 

3 

99.3 

934 

4 

98.6 

1134 

5 

97.2 

1534 

7 

95.8 

1933 

9 

93.0 

30000 

.  73^ 

3 

99.3 

934 

4 

98,6 

1334 

6 

98.1 

1733 

8 

96.7 

2333 

11 

94.7 

50000 

734 

3 

99.3 

1134 

5 

99.2 

1733 

8 

99.1 

2333 

11 

98.4 

3133 

15 

96.9 

70000 

,  934 

k 

99.7 

:1334 

6 

99.5 

1733 

8 

99.1 

2533 

12 

98.7 

3533 

17 

97.7 

100000 

:  934 

4 

99.7 

;1334 

6 

99.5 

1933 

9 

99.4 

2933 

14 

99.2 

4133 

20 

98.4 

200000 

1134 

5 

99.9 

1733 

8 

99.9 

2333 

11 

99.7 

3533 

17 

99.6 

^  5133 

25 

99.2 

Single  Sainpllng  Mbles  for  XQL  ■>  1.0  per  cent  aivi  7  »1 


lOOpj 

0,20 

0.30 

o,4o 

0.50 

1 

0,60 

N 

n 

c 

loop  : 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

50 

All 

All 

All 

All 

i  All 

70 

69 

0 

87.1  i 

69 

0 

81,3 

69 

0 

75.8 

69 

0 

70,8 

69 

0 

66,0 

100 

69 

0 

87.1  ' 

69 

0 

81.3 

69 

0 

75.8 

69 

0 

70.8 

69 

0 

66,0 

200 

69 

0 

87.1 

69 

0 

81.3 

69 

0 

75.8 

69 

0 

70.8 

69 

0 

66.0 

300 

69 

0 

87.1 

69 

0 

81,3 

69 

0 

75.8 

69 

0 

70.8 

69 

0 

66.0 

500 

69 

0 

87.1 

69 

0 

81.3 

69 

0 

75.8 

69 

0 

70.8 

'  69 

0 

66,0 

700 

69 

0 

87a 

69 

0 

81.3 

69 

0 

75.8 

69 

0 

70.8 

69 

0 

66,0 

1000 

69 

0 

87.1 

167 

1 

91.0 

167 

1 

85.5 

167 

1 

79.6 

;  69 

0 

66,0 

2000 

167 

1 

95.5 

167 

1 

91.0 

267 

2 

90.7 

267 

2 

84.9 

267 

2 

78.3 

3000 

167 

1 

95.5 

267 

2 

95.3 

267 

2 

90.7 

367 

3 

88,6 

,  367 

3 

81.9 

3000 

267 

2 

96.3 

367 

5 

97.4 

367 

3 

93.9 

467 

4 

91.3 

^  567 

5 

87.1 

7000 

267 

2 

98.3 

367 

3 

97.4 

467 

4 

95.9 

667 

6 

94.7 

767 

7 

90.5 

10000 

367 

3 

99.3 

467 

4 

98.6 

567 

5 

97.2 

767 

7 

95.9 

967 

9 

93.0 

20000 

367 

3 

99.3 

567 

5 

99.2 

767 

7 

98.7 

1067 

10 

97.9 

.1366 

13 

96.0 

30000 

467 

4 

99.7 

667 

6 

99.6 

867 

8 

99.1 

1167 

11 

98.4 

1666 

16 

97.3 

30000 

467 

4 

99.7 

667 

6 

99.6 

967 

9 

99.4 

1466 

14 

99.2 

2066 

20 

98.4 

70000 

567 

5 

99.9 

767 

7 

99.7 

1067 

10 

99.6 

1366 

15 

99.3 

!2266 

22 

98.8 

100000 

567 

5 

99.9 

867 

8 

99.9 

1167 

11 

99.7 

1766 

17 

99.6 

‘2366 

25 

99.2 

200000 

667 

6  100,0 

967 

9 

99.9 

1366 

13 

99.8 

2066 

20 

99.8 

3166 

31 

99.6 
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loop, 

0,40 

0.60 

0.80 

1,00 

■ 

1.20 

N 

n 

c 

ICOP 

1 

n 

c 

100? 

n 

c 

loop 

n 

c 

loop. 

n 

c 

loop 

50 

1  All 

.  • 

.VI 

•w 

^ . 

All 

!  All 

All 

50 

1  3+ 

0 

87.3  ' 

34 

0 

810 

34 

0 

76.1 

t  34 

0 

71.1! 

54 

0 

66,3 

70 

^  54 

0 

87.3 

34 

0 

810 

34 

0 

76.1 

,  34 

0 

71.1 

34 

0 

66.3 

100 

’  ^ 

0 

67.5 

34 

0 

810 

34 

0 

76.1 

:  ^ 

0 

71.1; 

34 

0 

66.3 

200 

:  3). 

0 

87-3  : 

34 

0 

810 

34 

0 

76.1 

'  34 

0 

71.1 

34 

0 

66,3 

500 

!  5^i- 

0 

37-3 

34 

0 

810 

34 

0 

76.1 

;  54 

0 

71.1; 

54 

0 

66.3 

500 

' 

0 

870 

34 

0 

810 

84 

1 

85.4 

1  34 

0 

71.1; 

34 

0 

66.3 

7CX) 

84 

1 

95.5 

84 

1 

90.9 

84 

1 

85,4 

1  84 

1 

79.5' 

84 

1 

73.3 

loco 

'  84 

1 

95.5 

84 

1 

90  .9 : 

133 

2 

90.8 

133 

2 

85.1  = 

133 

2 

78.5 

2000 

153 

2 

98-3 

133 

2 

950  ' 

183 

3 

94.0 

233 

4 

91 .4; 

233 

4 

84,9 

3000 

133 

2 

98,3  . 

183 

3 

970 

233 

4 

95.9 

285 

5 

93.31 

333 

6 

89.1 

5000 

153 

2 

98.3  : 

233 

4 

98.6 

283 

5 

97.2 

:  383 

7 

95 .9  i 

483 

9 

93.i 

7000 

183 

3 

990 

233 

4 

98,6 

333 

6 

98.1 

1  433 

8 

96.81 

583 

11 

94.8 

10000 

■  183 

3 

990  1 

283 

5 

99.2 

383 

7 

98.7 

i  533 

10 

96.o| 

683 

13 

96.1 

20000 

‘  233 

4 

99.7 

333 

6 

99.6 

485 

9 

99.4 

:  683 

13 

99.0! 

933 

18 

98.0 

30000 

:  253 

4 

99.7 

1  383 

7 

99.8 

533 

10 

99.6 

i  733 

14 

99.2! 

1083 

21 

98.6 

50000 

:  283 

5 

99.9 

433 

8 

99.9 

583 

11 

99.7 

i  883 

17 

99.61 

1283 

25 

99.2 

70000 

283 

5 

990 

1  433 

8 

99.9 

633 

12 

99.8 

^  933 

18 

99.7! 

1433 

28 

99.4 

ICOOOO 

333 

6  100,0  ! 

:  483 

9 

99.9 

683 

13 

99.8 

1033 

20 

99.8  ‘ 

1533 

30 

99.6 

2CC000 

533 

7  100,0 

533 

10  100.0 

783 

15 

99.9 

1183 

23 

99.9 

18JJ 

36 

99.8 

Single  SjurpiJng  I^ables  for  IQL  «  3,0  per  cent  and  y  -1 


N 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

30 

23 

0 

874 

23 

0 

81 .2 

23 

0 

75.8 

23 

0 

70.6 

25 

0 

65.9 

50 

23 

0 

874 

23 

0 

81,2 

23 

0 

75.8 

23 

0 

70.6 

23 

0 

65.9 

70 

23 

0 

87.1 

.  23 

0 

81,2 

23 

0 

75.8 

23 

0 

70.6 

23 

0 

65.9 

100 

23 

0 

874 

25 

0 

81,2 

23 

0 

75.8 

23 

0 

70.61 

23 

0 

65.9 

200 

23 

0 

874 

■  23 

0 

81.2 

23 

0 

75.8 

23 

0 

70,6 

23 

0 

65.9 

300 

li 

0 

874 

'  23 

0 

81,2 

23 

0 

75.8 

23 

0 

70.6 

23 

0 

65.9 

500 

It 

1 

95,5 

56 

1 

90.9 

56 

1 

85.5 

56 

1 

79.5 

56 

1 

75.5 

700 

It 

1 

95.5 

56 

1 

90,9 

89 

2 

90.8  !  09 

2 

85.0 

89 

2 

78.4 

1000 

56 

1 

95,5 

i  89 

2 

95.3 

89 

2 

90.8 

122 

3 

88.8 

122 

3 

82.2 

2000 

89 

2 

98.3 

( 

122 

3 

97.5 

155 

4 

96.0 

189 

5 

93.3 

222 

6 

89.2 

3000 

89 

2 

98,3 

i  155 

4 

98,6 

189 

5 

97.3 

255 

7 

96.0 

522 

9 

93.1 

5000 

122 

3 

99.4 

i  155 

4 

98.6 

222 

6 

984 

322 

9 

97.5 

422 

12 

95.5 

7000 

122 

3 

99-4 

189 

5 

99.2 

255 

7 

98.7 

355 

10 

98.0 

455 

13 

96.1 

10000 

155 

99.7 

222 

6 

99.6 

289 

8 

99.1 

389 

11 

98.4 

555 

16 

97.4 

20000 

155 

4 

99-7 

'  255 

7 

99.8 

355 

10 

99.6 

489 

14 

99.2 

722 

21 

96.7 

3COOO 

189 

5 

99-9 

255 

7 

99.8 

589 

11 

99.7 

555 

16 

99.5 

855 

25 

99.2 

5COt.;o 

189 

5 

99.9 

289 

8 

99.9 

422 

12 

99.8 

622 

18 

99.7 

955 

28 

99.5 

70000 

222 

6  100.0 

322 

9 

99.9 

455 

13 

99.9 

689 

20 

99.8 

1055 

31 

99.6 

100000 

222 

iro.o 

555 

10  iCO.O 

489 

14 

99.9 

755 

22 

99.9 

1155 

34 

99.7 

200000 

255 

7 

100,0 

•  >“9 

11 

100.0 

555 

16 

99.9 

855 

25 

99.9 

1322 

39 

99.9 

single  Saii5)ling  Ifeibles  for  IQL 


4,0  per  cent  and  y*! 


lOOp^  !  1^0  I  1,60  I  2,00  f  2.40  |  2,80 


n 

c 

lOvJt* 

;  n 

c 

ivAjr 

n 

c 

loop 

Xi 

c 

iuor 

n 

c 

i^jt* 

30 

17 

0 

61.4 

i 

1  17 

0 

76.0 

17 

0 

70.9 

17 

0 

66.2 

17 

0 

61.7 

50 

17 

0 

81.4 

1  17 

0 

76.0 

17 

0 

70.9 

17 

0 

66.2 

17 

0 

61,7 

70 

17 

0 

81.4 

;  17 

0 

76.0 

17 

0 

70.9 

17 

0 

66.2 

17 

0 

61.7 

100 

17 

0 

81.4 

0 

76.0 

17 

0 

70.9 

17 

0 

66,2 

17 

0 

61.7 

200 

17 

0 

81.4 

■  17 

0 

76.0 

17 

0 

70.9 

17 

0 

66.2 

17 

0 

61.7 

500 

42 

1 

91.0 

42 

1 

85.5 

42 

1 

79.5 

42 

1 

75.5 

17 

0 

61.7 

500 

42 

1 

91.0 

^  67 

2 

90.7 

67 

2 

84.9 

67 

2 

78.5 

67 

2 

71.1 

700 

67 

2 

95.5 

^  67 

2 

90.7 

91 

89.0 

91 

5 

82.4 

91 

3 

74.9 

1000 

67 

2 

95.5 

:  91 

5 

9^.1 

116 

4 

91.6 

116 

4 

85.2 

116 

4 

77.4 

2000 

91 

5 

97.6 

116 

4 

96,1 

166 

6 

95.0 

216 

8 

92.2 

24l 

9 

85.8 

5000 

116 

4 

98.7 

l4l 

5 

97.5 

191 

7 

96.1 

266 

10 

94.2 

54l 

13 

89.8 

5000 

I4l 

5 

99.5 

191 

7 

98.8 

241 

9 

97.6 

541 

15 

96.2 

466 

18 

95.1 

7000 

I4l 

5 

99.5 

216 

8 

99.1 

291 

11 

98.5 

591 

15 

97.1 

566 

22 

94.9 

10000 

166 

6 

99.6 

24l 

9 

99.4 

516 

12 

98.8 

466 

18 

98,1 

691 

27 

96.4 

20000 

191 

7 

99  .a 

266 

10 

99.6 

591 

15 

99.4 

591 

25 

99.0 

916 

36 

98.1 

50000 

216 

8 

99.9 

516 

12 

99.a 

44l 

17 

99.6 

666 

26 

99.5 

1066 

42 

98.7 

50000 

24l 

9 

99.9 

5^1 

15 

99.9 

491 

19 

99.7 

766 

50 

99.6 

1241 

49 

99.2 

70000 

24l 

9 

99.9 

,  566 

14 

99.9 

541 

21 

99.8 

841 

55 

99.7 

1566 

54 

99.4 

100000 

266 

10  100.0 

15 

99.9 

591 

25 

99.9 

916 

56 

99.8 

1516 

60 

99.6 

200000 

291 

11  100.0 

1  44l 

17  100,0 

666 

26 

99.9 

104l 

41 

99.9 

1766 

70 

99.8 

Single  Sampling  'Mblea  for 

IQl  ■ 

5,0  per  cent 

and 

7-1 

10C».i 

1.50 

2,00 

_ 1 

3.00  1 

5.50 

N 

n 

c 

loop 

n 

c 

lOd 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

30 

14 

0 

80.9 

14 

0 

75.4 

14 

0 

70.2 

l4 

0 

65.3 

14 

0 

60.7 

50 

14 

0 

80.9 

14 

0 

75.^ 

l4 

0 

70.2 

14 

0 

65.3 

14 

0 

60.7 

70 

14 

0 

00.9 

l4 

0 

75.^ 

14 

0 

70.2 

l4 

0 

65.3 

14 

0 

60.7 

100 

14 

0 

80.9 

14 

0 

TS.i* 

l4 

0 

l4 

0 

65.3 

14 

0 

60.7 

200 

33 

1 

91.2 

33 

1 

65.9 

35 

1 

80.1 

33 

1 

74.0 

33 

1 

67.8 

500 

33 

1 

91.2 

33 

1 

85.9 

35 

1 

00,1 

33 

1 

74.0 

35 

1 

67.8 

500 

53 

2 

95.5 

53 

2 

91.0 

53 

2 

85.J 

53 

2 

78.0 

55 

2 

71.7 

700 

53 

2 

93.5 

73 

3 

9‘».1 

73 

3 

09.0 

93 

4 

05.2 

95 

4 

77,3 

1000 

73 

3 

97.6 

73 

3 

9‘>.l 

9J 

4 

91.6 

113 

5 

87.5 

133 

6 

01.4 

2000 

93 

4 

90.7 

113 

5 

97.4 

155 

7 

96.1 

193 

9 

93.3 

233 

11 

08.0 

3000 

95 

4 

96.7 

133 

6 

90.2 

175 

8 

96.9 

233 

11 

95.0 

515 

15 

91.4 

5000 

113 

5 

99.5 

153 

7 

90.8 

213 

10 

96.1 

313 

15 

97.1 

455 

21 

94.5 

7000 

133 

f. 

99.6 

173 

8 

99.2 

253 

12 

98.8 

17 

97J> 

513 

25 

95.9 

10000 

133 

99.« 

193 

9 

99.'» 

275 

13 

99.0 

il3 

20 

90.6 

613 

30 

97.2 

20000 

153 

7 

99.8 

235 

11 

99.7 

333 

16 

99.5 

513 

25 

99.3 

793 

39 

90.5 

50000 

173 

8 

99.9 

253 

12 

99.8 

1373 

16 

99.7 

573 

99.5 

913 

45 

99,0 

50000 

193 

9 

99.9 

293 

lU 

99.9 

^13 

20 

99.8 

653 

32 

99.7 

1053 

52 

99,4 

70000 

M5 

10  100*0 

313 

15 

99.9 

<*55 

22 

99.9 

693 

54 

99.0 

1155 

57 

99.5 

100000 

213 

10  100.0 

333 

16 

100.0 

24 

99.9 

753 

99.0 

1275 

63 

99.7 

200000 

255 

12  100.0 

353 

17 

100.0 

553 

27  100.0 

073 

i3 

99.9 

ll>7} 

73 

5Ss8 
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Single  Sapling  Tables  for  IQL  -  7*0  per  cent  and  7-I 


lOOp^l  2,80  I  5,50  }  4,20  )  4,90  I  5.60 


N 

j 

n 

c 

10C»> 

n 

c 

loop 

n 

c 

loop 

c 

lOQP 

n 

c 

loop 

1 

50 

10 

0 

75.5 

10 

0 

70.0 

10 

0 

65.1 

10 

0 

60.5 

10 

0 

56.2 

50 

10 

0 

75.3 

10 

0 

70.0 

10 

0 

65.1 

10 

0 

60,5 

10 

0 

56,2 

70 

10 

0 

75.3 

10 

0 

70,0 

10 

0 

65.1 

10 

0 

60.5 

10 

0 

56,2 

100 

10 

0 

75.3 

10 

0 

70,0 

10 

0 

65.1 

10 

0 

60.5 

10 

0 

56.2 

200 

24 

1 

85.6 

24 

1 

79.5 

24 

1 

73.3 

24 

1 

67.0 

24 

1 

60.8 

500 

ja 

2 

91.0 

38 

2 

85.3 

38 

2 

78.7 

38 

2 

71.5 

38 

64,1 

500 

52 

3 

94.2 

52 

J 

89.2 

66 

4 

85.6 

66 

4 

77.8 

66 

4 

69.0 

700 

52 

3 

94.2 

66 

4 

91.9 

66 

4 

85.6 

66 

4 

77.8 

66 

4 

69.0 

1000 

66 

4 

96,2 

95 

6 

95.1 

109 

7 

91.1 

109 

7 

83.4 

109 

7 

73.3 

2000 

95 

6 

98.2 

109 

7 

96.2 

166 

11 

95.2 

223 

15 

91.7 

223 

15 

81.5 

3000 

109 

7 

98,8 

152 

10 

98.2 

209 

14 

96.8 

266 

18 

93.4 

366 

25 

87.1 

5000 

124 

8 

99.2 

166 

11 

98.6 

252 

17 

97.9 

366 

25 

96.1 

:  525 

56 

91.2 

7000 

138 

9 

99.4 

195 

13 

99.1 

266 

18 

98.2 

423 

29 

97.1 

623 

43 

95.0 

10000 

152 

10 

99.6 

223 

15 

99.4 

323 

22 

99.0 

509 

35 

98,1 

823 

57 

95.5 

20000 

166 

11 

99.7 

266 

18 

99.7 

409 

28 

99.5 

623 

43 

98.9 

1123 

78 

97.6 

30000 

195 

13 

99.9 

295 

20 

99.8 

423 

29 

99.6 

723 

50 

99.3 

1323 

92 

98.4 

50000 

209 

14 

99.9 

323 

22 

99.9 

509 

35 

99.8 

823 

57 

99.6 

70000 

223 

15 

99.9 

323 

22 

99.9 

523 

36 

99.8 

866 

60 

99.7 

100000 

238 

16 

100,0 

.  366 

25 

99.9 

566 

^.9 

966 

6: 

99.8 

i 

i 

200000 

266 

18 

100,0 

i  409 

28 

100.0 

652 

^5 

99.9 

inJ^5 

78 

99.9 

1 

Single  Sonpllng  Tables  far  IQl  • 

10,0  per  cent  and  7 

9 

8,0c 

lOOpj 

4,00 

_  5.00_.  J 

6.00 

7.00 

N 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

n 

c 

loop 

n 

c 

lOCP 

30 

7 

u 

75.1 

7 

0 

69.8 

7 

0 

64.8 

7 

0 

60.2 

7 

0 

55.8 

50 

7 

0 

75.1 

7 

0 

69.8 

7 

0 

64.8 

7 

0 

60.2 

7 

0 

55.8 

7t 

i 

0 

75.1 

7 

0 

69.8 

7 

0 

64.8 

7 

0 

60.2 

7 

0 

55.8 

100 

If 

1 

86.7 

16 

1 

81.1 

16 

1 

75.1 

16 

1 

69.0 

'  16 

1 

63.0 

200 

16 

1 

86.7 

26 

2 

86.1 

26 

2 

79.7 

16 

1 

69.0 

'  16 

1 

63.0 

300 

26 

2 

91.6 

36 

3 

89.6 

36 

3 

85.2 

36 

3 

75.7 

26 

2 

65.4 

500 

36 

3 

94.5 

46 

4 

92.1 

56 

5 

88.2 

56 

5 

80.4 

56 

5 

71.0 

700 

46 

4 

96.4 

56 

3 

94.0 

76 

7 

91.5 

86 

8 

85.3 

86 

6 

75.1 

1000 

56 

5 

97.6 

!  76 

7 

96.4 

9« 

9 

95.8  i  116 

11 

88.7 

126 

12 

79.2 

2000 

76 

7 

98.9 

'  96 

9 

97.8 

136 

13 

96.6  1  166 

18 

93.7 

236 

23 

86.5 

3000 

86 

8 

99*2 

116 

11 

98.6 

156 

15 

97.4 

226 

22 

95.3 

.  326 

32 

90.2 

1  5000 

96 

9 

99.5 

.  136 

15 

99.2 

196 

19 

98.5 

296 

29 

97.3 

456 

45 

93.7 

7000 

i  106 

10 

99.6 

146 

l4 

99.3 

216 

21 

98.9 

396 

33 

97.9 

546 

54 

95.3 

10000 

1 

116 

11 

99*0 

166 

16 

99.6 

246 

24 

99.3 

386 

38 

98.6 

656 

65 

96.6 

1  20000 

136 

13 

99*9 

196 

19 

99.8 

296 

29 

99.6 

486 

48 

99.3 

876 

87 

98.5 

1  3OOX 

146 

14 

99.9 

216 

21 

99.9 

.  526 

32 

99.7 

536 

53 

99.5 

1  30000 

156 

15 

99.9 

2^ 

23 

99.9 

:  366 

56 

99.8 

616 

61 

99.7 

1  Toooo 

,  166 

16  100.0 

■  2k6 

24 

99.9 

386 

38 

99.9 

666 

66 

99.8 

1  100000 

176 

17  100,0 

.  266 

26 

100.0 

t  ki'> 

4l 

99.9 

716 

71 

99.9 

i  200000 

1 

19  100,0 

<  296 

29  100.0 

i  466 

46 

100.0 

816 

81 

99.9 

\ 
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Sinffle  Saunplliv?  Tables  for  IQL  ■  15*0  Pfi^*  cent  and  7  *1 


lOOpi  t  I  7.50  I  9.00  I  10,50  t  12.00 


N 

n 

c 

loop 

n 

c 

loop 

u 

c 

loop 

n 

c 

lOCP 

n 

c 

lOOP 

30 

k 

0 

7B.1 

4 

0 

73.2 

4 

0 

68,6 

4 

0 

64,2 

4 

0 

60,0 

50 

k 

0 

78.1 

4 

0 

73.2 

4 

0 

68,6 

0 

64,2 

4 

0 

60,0 

70 

4 

0 

78,1 

4 

0 

73.2 

4 

0 

68.6 

4 

0 

64,2 

4 

0 

60,0 

100 

11 

1 

86,7 

17 

2 

87.0 

17 

2 

80.7 

4 

0 

64,2 

4 

0 

60,0 

200 

17 

2 

92.2 

17 

2 

87.0 

17 

2 

80,7 

17 

2 

73.8 

17 

2 

66.5 

300 

24 

y 

9^,7 

37 

5 

9'*,4 

37 

5 

88,9 

37 

5 

81.3 

37 

5 

72,0 

500 

1  37 

5 

97.8 

37 

5 

57 

8 

93.3 

57 

8 

86,1 

57 

8 

76.0 

700 

1  37 

5 

97.8 

44 

6 

95.6 

57 

8 

93.3 

77 

11 

89.4 

77 

11 

79.1 

1000 

:  37 

5 

97.8 

57 

8 

97.5 

77 

11 

95.8 

97 

14 

91.8 

117 

17 

85.8 

2000 

1  57 

8 

99.3 

77 

11 

98,8 

97 

14 

97.3 

157 

23 

96.1 

217 

32 

90.8 

3000 

i  57 

8 

99.3 

77 

11 

98.8 

i  117 

17 

98.3 

177 

26 

96.9 

277 

4l 

93.5 

5000 

;  64 

9 

99.5 

97 

14 

99.4 

i  137 

20 

98,9 

217 

32 

98.0 

377 

56 

96,0 

7000 

^  77 

11 

99.8 

104 

15 

99.5 

157 

23 

99.3 

257 

38 

98.3 

437 

65 

97.0 

10000 

1  77 

11 

99.8 

117 

17 

99.7 

;  177 

26 

99.5 

277 

41 

99.0 

497 

74 

97.7 

20000 

'  97 

14 

99.9 

137 

20 

99.9 

217 

32 

99.8 

33? 

50 

99.5 

657 

98 

98.9 

30000 

1  97 

14 

99.9 

157 

23 

99.9 

237 

35 

99.9 

377 

56 

99.7 

50000 

1  104 

15 

100.0 

157 

23 

99.9 

257 

38 

99.9 

45? 

65 

99.8 

70000 

1  117 

17 

100,0 

177 

26 

iOO.C 

•  277 

41 

99.9 

457 

68 

99.9 

100000 

117 

ij 

100,0 

177 

26 

100.0 

i  297 

44  100,0 

S 

99.9 

200000 

!  137 

20 

100,0 

197 

29 

100.0 

1  317 

47 

100,0 

557 

99.9 

Sii^le_  Sampling^ TabJ. 00  _^with  Risk,  of  ^50  ^ 


i 

B(c 

,in)  »  0*50, 

r  -  Pi/P, 

g  n  m 

np^g  M  - 

Up,, 

1. 

1 

i 

r 

0.30 

0.75 

0.70 

0.65 

0.60 

0.55 

0.50 

0.45 

1 

S 

m 

M 

H 

M 

M 

M 

M 

M 

M 

!  ^ 

0.693 

16.8 

14.2 

12.5 

11.3 

10.5 

10.0 

9.65 

9.46 

i  ] 

1.676 

25.0 

21.6 

19.5 

18.3 

17.5 

17.3 

17.4 

17.9 

j  2 

2.674 

32,5 

28.7 

26.5 

25.4 

25.1 

25.4 

26.6 

20.7 

5  3 

3.672 

39.6 

35.6 

33.6 

32.9 

33.3 

34.9 

37.9 

42.9 

'  4 

4.671 

46.4 

42.4 

40.8 

40.8 

42.4 

45.9 

51.8 

61.5 

i  5 

5.670 

53.5 

49.6 

48.4 

49.5 

52.8 

58.9 

69.1 

86.3 

^  6 

€.670 

60.3 

56.7 

56.4 

58.8 

64.4 

74.1 

90.6 

119 

7 

7.66? 

67.5 

64.3 

65.0 

09.1 

77.6 

92.2 

117 

163 

8 

0.669 

74.1 

71.7 

73.7 

80.0 

92.1 

113 

150 

220 

i  9 

9.669 

81.5 

79.8 

83.3 

92.3 

109 

139 

192 

296 

10 

10.67 

88.7 

88.0 

93.3 

106 

128 

168 

243 

396 

^  11 

11.67 

95.6 

96.1 

104 

120 

149 

203 

307 

527 

:  12 

12.67 

103 

105 

115 

136 

174 

245 

386 

702 

?  13 

13.67 

111 

114 

127 

153 

201 

294 

485 

932 

!  14 

■j 

14.67 

119 

124 

140 

172 

232 

351 

607 

1230 

*  15 

15.67 

126 

134 

154 

193 

268 

419 

758 

1630 

1  16 

16.67 

135 

144 

168 

215 

308 

500 

946 

2150 

i  17 

17.67 

143 

154 

183 

240 

353 

595 

1180 

2830 

i  18 

} 

18<.67 

151 

166 

200 

268 

405 

707 

1470 

3720 

1  1? 

19.6? 

159 

177 

217 

297 

462 

838 

1820 

4090 

1  20 

20.67 

168 

]89 

236 

330 

529 

995 

2260 

6420 

i  22 

22.67 

a5 

277 

405 

689 

1390 

3470 

11000 

1  24 

24.67 

206 

243 

323 

496 

893 

1950 

5320 

18900 

1  2f 

26.67 

226 

273 

376 

604 

1160 

2720 

8120 

32300 

J  26 

28.67 

247 

306 

437 

733 

1490 

3770 

12400 

55000 

1  .  30 

30.67 

269 

341 

505 

809 

1920 

5240 

18000 

i  35 

35.67 

329 

445 

720 

1430 

3580 

11800 

53300 

i  40 

40.67 

397 

574 

1020 

2270 

6630 

26300 

f  45 

45.67 

475 

733 

1^20 

3590 

12200 

58400 

l 

1 

50.67 

563 

930 

1980 

5640 

22300 

1  ^0 

60.67 

778 

1470 

3790 

13800 

1  70 

70.67 

1060 

2300 

7180 

33100 

i  SO 

80.67 

1420 

3570 

13500 

1 

90.67 

1890 

5/90 

25100 

1  99 

99.67 

2440 

8060 

43900 

33 


r 

0.40 

0.35 

0,30 

0.25 

0.20 

0.15 

0.10 

c 

m 

K 

H 

M 

M 

K 

M 

M 

0 

0.693 

9.45 

9.60 

9.98 

10.7 

11.9 

14.0 

18.6 

1 

1.678 

18.9 

20,6 

23.4 

28.1 

36.6 

54.0 

101 

2 

2.674 

32.2 

37.8 

47.1 

63.9 

98.2 

183 

490 

3 

3.672 

51.0 

64.6 

88.9 

137 

250 

594 

2270 

4 

4.671 

77.8 

107 

162 

286 

621 

1880 

10300 

5 

5.670 

116 

173 

292 

587 

1520 

5830 

45600 

6 

6.670 

171 

276 

518 

1190 

3670 

17900 

200000 

7 

7.669 

250 

438 

912 

2400 

3800 

54400 

8 

8.669 

361 

688 

1590 

4790 

20900 

9 

9.669 

520 

1080 

2770 

9530 

49500 

10 

10.67 

745 

1680 

4810 

18900 

116000 

11 

11.67 

1060 

2610 

8290 

37100 

12 

12.67 

1520 

4050 

14300 

73000 

13 

13.67 

2150 

6260 

24500 

14 

14.67 

3050 

9660 

41900 

15 

15.67 

4320 

14900 

71700 

16 

16.67 

6100 

22800 

17 

17.67 

8600 

35000 

18 

18.67 

12100 

53600 

19 

19.67 

17000 

20 

20.67 

24000 

22 

22.67 

47100 

-  40  - 


Table  of  lOOOp^  (upper  entry)  and  lOOp^  (lower  entry) . 


loop. 

1.5 

2.0 

2.5 

r  -  Pj/Pi 

3.0  3.5 

4.0 

4.5 

5.0 

5.5 

6,0 

O.IO 

1.23 

1.44 

1.64 

1.82 

2.00 

2.16 

2.33 

2.49 

2.64 

2.79 

1.00 

1.23 

1.44 

1.64 

1.82 

2.00 

2.17 

2.34 

2.50 

2.66 

2.81 

0.15 

1.85 

2.16 

2.46 

2.73 

2.99 

3.25 

3.49 

3.73 

3.96 

4.19 

1.50 

1.85 

2.17 

2.46 

2.74 

3.01 

3.26 

3.51 

3.76 

4.00 

4.23 

0.20 

2.47 

2.89 

3.27 

3.64 

3.99 

4.33 

4.66 

4.98 

5.29 

5.59 

2.00 

2.47 

2.89 

3.28 

3.65 

4.01 

4.36 

4.70 

5.03 

5.35 

5.67 

0.25 

3.08 

3.61 

4.09 

4.55 

4.99 

5.41 

5.82 

6.22 

6.61 

6.99 

2.50 

3.08 

3.61 

4.10 

4.57 

5.02 

5.46 

5.88 

6.30 

6.71 

7.11 

0.30 

3.70 

4.33 

4.91 

5.46 

5.99 

6.50 

6.99 

7.47 

7.93 

8.39 

3.00 

3.70 

4.34 

4.93 

5.49 

6.04 

6.56 

7.08 

7.58 

8.08 

8.57 

0.35 

4.32 

5.05 

5.73 

6.38 

6.99 

7.58 

8.16 

8.71 

9.26 

9.79  1 

3.50 

4.32 

5.06 

5.75 

6.41 

7.05 

7.67 

8.28 

8.87 

9.46 

10.0  1 

0.40 

4.93 

5.77 

6.55 

7.29 

7.99 

8.67 

9.32 

9.96 

10.6 

11.2  ! 

4.00 

4.94 

5.78 

6.58 

7.34 

8.07 

8.79 

9.49 

10.2 

10.9 

11.5 

0.45 

5.55 

6.49 

7.37 

8.20 

8.99 

9.75 

10.5 

11.2 

11.9 

12.6 

4.50 

5.55 

6.51 

7.41 

8.27 

9.09 

9.90 

10.7 

11.5 

12.3 

13.0 

0.50 

6.17 

7.22 

8.19 

9.11 

9.99 

10.8 

11.7 

12.5 

13.2 

14.0 

!  5.00 

6.17 

7.24 

8.24 

9.19 

10. 1 

11.0 

11.9 

12.8 

13.7 

14.6 

0.55 

6.78 

7.94 

9.01 

10.0 

11.0 

11.9 

12.8 

13.7 

14.6 

15.4 

5.50 

6.79 

7.96 

9.07 

10.1 
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